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EXECUTIVE SUMMARY AND RECOMMENDATIONS 
ix 
The primary purpose of this project was to establish and character-
ize, as far as possible, hydrocarbon base levels for the Tampa Bay 
Estuary. In addition, we were to characterize 1) hydrocarbon molecular 
compositions, 2) the isotopic composition of total and lipid sediment 
organic carbon, and 3) evaluate the potential for utilizing isotopic 
analyses to quantify and determine the extent of future oil spills. The 
following passage summarizes our findings. 
Light hydrocarbon concentrations within the water column of Tampa 
Bay show considerable variations both temporally and spatially. The 1984 
and 1985 average concentrations expressed in nl/l for these compounds 
are; CH4 , 4117; C2H4 , 182; C2H6 , 218; C3H6 , 29; and C3H8, 7.2. Abund-
ances for these compounds fall within the expected range for an urbanized 
estuarine s ystem. Urban run-off and sewage effluents probably contribute 
a considerable fraction of some of these compounds. The pattern of 
ethane distribution which decreases down the Bay and away from the 
urbanized areas is especially indicative of this t ype of chronic input. 
Considering the level of urbanization, the Tampa Bay system contains 
surprisingly low levels of higher molecular weight hydrocarbons. The 
only indication of contamination by petroleum product derived 
hydrocarbons within the system is in some surface sediments. None of t he 
water column samples nor the oyster, clam, crab, or mullet samples 
analyzed in this study showed evidence of contamination with heavier 
molecular weight petroleum derived hydrocarbons. Thus, a good, 
relatively clear baseline has been documented for these compounds in the 
organisms and within the water column. 
The sediments most dramatically impacted by petroleum inputs include 
the Lower Hillsborough River, Upper Hillsborough Bay and several port 
x 
facilities, marinas, and boating facilities associated with areas of 
restricted water circulation. Most of the areas of seciment hydrocarbon 
contamination (fully discussed in Chapters 8 and 9) are localized "hot 
spots". The only area of ambient widespread petrogenic hydrocarbon 
contamination is found in Hillsborough Bay. Contamination throughout the 
system is probably primarily due to urban runoff, sewage, and 
transportation associated with major port activities. Small boats seem 
to have little effect. 
The remainder of sediments of the Tampa Bay Estuary can be 
characterized by general hydrocarbon base levels of less than 20 ~ g/g. 
Levels generally decrease down the Bay reaching ambient levels of 
<10 ~ g/g near the mouth. Surprisingly, Tampa Bay sediment hydrocarbon 
levels on are generally similar to those reported for Charlotte Harbor, 
an area which has much less shipping and heavy industry surrounding it. 
Elevated hydrocarbon levels in riverine s ystems of the Tampa Bay Drainage 
Basin, other than the lower Hillsborough River, are of biogenic not 
petrogenic origin. 
Isotopic levels for the Tampa Bay Estuarine System were also 
deteremined, a new approach to baseline surveys of Florida estuaries. 
Isotopic baselines established in this study and the accuracy and 
precision of the method, show considerable promise in enhancing our 
ability to identify and quantify contamination which might occur in some 
future oil spill. 
~ 13 Ranges of 6 C values were from -27.6% 0 up the 
Hillsborough River to about -20.0% 0 in the middle of the Bay to about 
-10.0% 0 for small semi-restricted bays along the Gulf coast. Low 
riverine values reflect the combination from land plant detritus and 
xi 
marine phytoplankton inputs. Values in the -10% 0 to -16% 0 range are 
characteristic of sea grasses. 
Twenty six of 52 samples analyzed for this study showed 0.3%0 or 
larger negative shift in o13C values with the addition of 100 ~g/g spikes 
of petroleum with a value of -27.0%0' typical of floating oil residues 
in the eastern Gulf of Mexico. Oil spill literature suggests that 100 ~g 
C/g sediment is a minimal value for large oil spills. so isotopic 
analysis in conjunction with other analyses should be of considerable use 
in defining the boundaries of oil spill contamination. 
Isotopic baselines were also established for the lipids of the Tampa 
Bay system. While close to the range of floating oil residues for the 
sediments. the measured values of from -18.8% 0 to -20.3%0 in the sea 
grass meadows are at least 7%0 more positive than any oil that might be 
spilled. This analytical method then will be extremely important in 
measuring oil spill contamination of these especially sensitive 
biological areas. 
In conclusion. our baseline study gave no evidence of petroleum 
hydrocarbon contamination due to transportation (shipping) beyond 
Hillsborough Bay. Urban runoff and sewage inputs can be locally 
important sources of petroleum derived hydrocarbon contamination. Other 
local "hot spots" are associated with marinas and canals with restricted 
circulation. 
RECOMMENDATIONS 
We recommend that similar isotopic baselines be established for the 
other Florida estuaries in which hydrocarbon studies have been conducted. 
xii 
We further recommend that when an oil spill does occur (an event we deem 
inevitable) that low molecular weight hydrocarbon analyses in the water 
column, analyses of higher molecular weight hydrocarbons in the water 
column, sediments, and organisms, and isotopic characterization of the 
total and lipid sediment organic carbon along with ancillary sediment 
texture and compositional analyses be conducted to assess the extent and 
quantify the pervasivness of the event. These studies should continue 
until Tampa Bay returns to ambient conditions extant before the spill or 
until a new baseline is established. 
xiii 
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PART 1. INTRODUCTION AND GEOLOGIC FRAMEWORK 
2 
CHAPTER 1. INTRODUCTION 
Purpose 
This research was designed to establish the spatial distribution of 
petrogenic, biogenic, and pyrogenic hydrocarbons in sediments, resident 
shellfish, and fish populations of Tampa Bay, Florida. Rapidly 
accumulating background information indicates that petroleum is a severe 
pollutant in the marine environment. Potential hydrocarbon sources 
include acute inputs such as large spills or more chronic inputs such as 
industrial and municipal effluents. Not only will this information be of 
value to local regulatory and planning groups (Appendix I) working on the 
Tampa Bay estuary, but also will be of value for comparative purposes to 
three other similar research projects in Charolette Harbor, Biscayne Bay , 
and the lower St. Johns River. 
By enacting the Federal Water Pollution Control Act Amendments of 
1972, the U.S. Congress established a national goal of eliminating the 
discharge of pollutants into navigable waters by 1985. In 1973, however, 
the Federal Government also established that the minimum treatment to be 
applied to all public wastewater discharges would be a secondary 
treatment process. Standards for this process, as defined by t he 
Environmental Protection Agency, are based on biochemical oxygen demand, 
suspended solids, fecal coliforn bacteria, and pH (Pearson, 1975). 
Unfortunately, the secondary treatment process is not designed to remove 
a significant amount of the petroleum hydrocarbons entering the treatment 
plant. Since 1930, over 200 petroleum type hydrocarbons plus their 
derivatives and analogs have been found to be carcinogenic (Schoental, 
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1964). These compounds thus represent an environmental health risk when 
discharged into marine waters. It has been estimated that domestic 
wastewater effluents can account for up to 5% of the total hydrocarbons 
entering the ocean annually (SeEP, 1970; Brummage, 1973; Storrs, 1973 ) , 
and the percentage entering coastal waters alone may be several times 
higher. Knowledge of the transport and fate of these hydrocarbons 
released into estuaries and coastal waters is essential in understanding 
their biological effects and geochemical cycles in the marine 
environment. 
Earlier studies have indicated that wastewater treatment plants may 
discharge 60% of the total amount of petroleum hydrocarbons entering U.S. 
coastal estuaries annually by direct spills. This conclusion was reached 
on the basis of an average annual discharge of 2.80 ± 1.31 mg 
hydrocarbons per liter from the major treatment plant discharging into 
Narragansett Bay, Rhode Island (Van Vleet and Quinn, 1977, 1978). These 
hydrocarbons were discharged in the particulate form and were shown to 
accumulate in the sediments throughout Narragansett Bay. Whipple et al. 
(1976) have shown that the discharge from a Trenton, New Jersey treatment 
plant averaged 1.49 mg/l while Tanacredi (1977) showed that the average 
hydrocarbon discharges from four Jamaica Bay, New York area treatment 
plants ranged from 6.1 to 21.8 mg/l. These studies indicate that the 
initial concern over chronic hydrocarbon inputs is warranted and that 
these concerns are of importance to many coastal communities. 
The cities of Tampa and St. Petersburg maintain six major municipal 
wastewater treatment plants. The average annual volume discharges from 
the plants are as follows: Albert Whitted treatment plant = 14.3 million 
gallons per day (MGD), St. Petersburg Northeast treatment plant 9.19 MGD, 
4 
St. Petersburg Northwest treatment plant ~ 6.61 MGD, St. Petersburg 
Southwest treatment plant c 10.48 MGD, University of South Florida 
60 
treatment plant m 5 MGD, and Hooker's Point treatment plant c 40-50 MGD 
(Mr. Frank Reynolds and Mr. Gene Pinson, personal communications). 
Although some of this wastewater has undergone tertiary treatment and 
some is uSed for irrigation, much of it enters Tampa Bay particularly 
during periods of heavy rainfall. 
Large amounts of petroleum products are brought into Tampa Bay 
annually. Over 12 million tons of petroleum products were delivered in 
1980 (Table 1.1). Numerous small oil spills have occurred in the Bay 
and, in February 1970, a tanker carrying 100,000 barrels of Bunker Coil 
ran aground in the upper Bay causing a spill which covered 100 square 
miles of the estuary. A more recent spill occurred on October 5, 1978, 
when 40,000 gallons of Bunker C oil were released into Tampa Bay from the 
ship Howard Star (Lewis, 1980). 
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Table 1.1. Petroleum products entering and leaving Tampa Bay in 1980 
CTampa Port Authority). 
Inbound Tonnage Outbound Tonnage 
Asphalt 288,984 
Asphalt, roofers flux 59,811 
Aviation gasoline 20,557 
Diesel fuel 1,609,684 1,615 
Fuel oil U5, flotation 7,807 
Fuel oil 116, Bunker C 1,378,218 
Fuel oil U6, Weedon Island 1,666,253 
Gasoline 5,817,271 
Grove spray 19,202 
Jet fuel 1,071,727 
Kerosene 187,431 
Lube oil 34,054 324 
Propane gas 76,989 
Petroleum solvents 14,259 44 
Total 12,252,247 1,983 
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Previous studies have demonstrated the adverse effects on marine 
organisms but damage goes far beyond the acute toxicity. Large portions 
of oil sink and become incorporated into the sediments where they may 
persist for years (Blumer, 1971; Blumer et al., 1973). Certain 
hydrocarbons retain their identity despite biochemical and geochemical 
transformations (Meinschein, 1969). Consequently, they may be 
incorporated into the biota, especially benthic, sessile species. 
Although the toxicity of hydrocarbons can be established for acute 
concentrations, the long-term effects of low concentrations have not been 
adequately studied. 
If oil should be exploited from the eastern Gulf of Mexico off the 
west coast of Florida, a" most logical port of entry for the oil will be 
Tampa Bay. The Coastal Energy Impact Project (CEIP) has pointed out 
eight viable sites around Tampa Bay for location of onshore handling 
facilities. This study provides information is needed on present levels 
of hydrocarbons and their associated sediments and fauna to aid in 
decision making as it relates to ongoing management of the Bay and to 
these potential facilities. 
Setting 
Tampa Bay is a large multi-lobed estuary which lies about halfway 
down the western side of the Florida Peninsula on the Gulf of Mexico 
(Fig. 1.1). With over 350 square miles of surface area, Tampa Bay is the 
largest estuary on the eastern margin of the Gulf of Mexico. Goodell and 
Gorsline (1961) and Doyle (1974) described it as a shallow sand-filled 
river valley complex with relatively homogenous surface sediments. In 
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Figure 1.1 Map of Tampa Bay showing six basic morphologic units. 
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most areas fill is 12 to 18 meters thick, but in the old river channels 
it may exceed 30 meters in thickness (Stahl, 1970). Goodell and Gorsline 
(1961) divided the surface sediments of the Bay into different groups 
which they found to correlate with topographic zones within the Bay. 
These are: (1) shallow marine grass and sand flats with average depths 
of about 4 feet, (2) slopes adjacent to flats which range in depth down 
to 18-20 feet, and (3) channels whose depths are usually greater than 20 
feet. Channel sediments may be as much as 6 meters deep and make up 
about 30 percent of the area of the estuary. 
The Tampa Bay Complex is composed of a number of connected bays 
(Fig. 1.1). Tampa Bay proper comprises the stem of the Y of the system 
and is from 7 to 10 miles in width, 15 miles in length, and contains 58% 
of the area of the Complex (Goodell and Gorsline, 1961). Fifty percent 
of its bottom lies between 6 and 18 feet and 30% contains depths of more 
than 18 feet. Almost all of the depths over 18 feet in the entire system 
are in Tampa Bay proper. 
Old Tampa Bay, the western lobe of the Y, is approximately 13 miles 
long, 2 to 6 miles wide, and includes 26% of the area of the system. It 
is predominantly a shallow basin with some slope and channel topography 
at its mouth and the remainder in the form of shallow flats. Nearly 38% 
of its area is less than 6 feet deep, 60% is from 6 to 18 feet in depth 
and only 2% is covered by water deeper than 18 feet. 
The distribution of depths in Hillsborough Bay, the eastern arm of 
the Y, closely parallels that of Old Tampa Bay. 
Boca Ciega Bay, just to the north of the mouth of Tampa Bay proper, 
is a small lagoon behind the coastal barrier islands. It is composed 
mainly of sand and grass flats with a few tidal channels. Much of the 
10 
original Bay has been dredged and filled resulting in a large decrease in 
estuarine habitat. Less than 8% of the total Bay area is represented 
here and 77% of this area is less than 6 feet in depth. 
The coastal littoral drift of sand is to the south along the barrier 
islands of Boca Ciega Bay, and to the north along the Gulf shore south of 
the Tampa Bay mouth (Goodell and Gorsline, 1961). This is evidenced by 
the lateral migration of barriers and tide inlets. Along the Boca Ciega 
shore the southerly drift of materials has produced an echelon 
configuration in the barrier islands. 
The hydrology and biology of the Bay received considerable attention 
by the Bureau of Commercial Fisheries in the 1960's (Dragovich and Kelly, 
1964; Dragovich et al., 1968; Dragovich and May, 1962). Taylor et ale 
(1970), among others, have described the environments of Hillsborough Bay 
and have listed resident molluscan fauna. Bloom et ale (1972) described 
five species assemblages of intertidal infauna of Old _Tampa Bay. 
Intertidal oyster bars are present in much of Old Tampa Bay and hard 
clams (Mercenaria campechiensis) along with some oyster bars dominate the 
lower Bay. Much of the shallow areas of the Bay which receive sufficient 
light, are covered with seagrasses (Thalassia, Halodule, or Syringodium) 
which are presently being mapped (Robin Lewis, personal communication). 
The lower portions of the Bay, particularly on the Manatee side, are 
lined with mangroves. 
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CHAPTER 2. GEOLOGY 
Previous Works 
Tampa Bay is the chief port and major industrial center of the 
Florida west coast. The tremendous surge of development has prompted 
ongoing scientific investigations and monitoring since the early 1960's. 
Goodell and Gorsline (1961) were the first to study sediments in the Bay. 
They concluded that recent sediments are a mixture of quartz sands eroded 
from peninsular Pleistocene terrace deposits and biogenic carbonates 
forming in situ and transported in from the adjacent Gulf of Mexico. The 
present sediment pattern is a response to tidal shifting. Further 
descriptions of sediments (Taylor and Salomon, 1969) indicate that the 
coarsest material (medium to fine sand) is concentrated in lower Tampa 
Bay proper immediately beneath the Sunshine Skyway Bridge with a fining 
toward the Bay head as well as Gulfward. Stahl (1970) recognized that 
the geologic history of Tampa Bay is influenced principally by sea level 
fluctuations. 
Physical circulation of the Bay was modelled by computer (Cote, 
1973; Ross, 1973) and shown to proceed in a general counterclockwise 
direction with several gyres in both Tampa Bay proper and Old Tampa Bay. 
This circulation pattern is driven by tides but highly influenced by 
winds both in magnitude and direction. 
A detailed investigation of the shallow structure of the Bay was 
made by Willis (1984). His results indicate the present morphology to be 
a result of solution of the underlying limestone, fluvial action during 
lower sea levels and sedimentation by marine longshore drift systems. 
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Vibra coring (Simon and Doyle 1974a, 1974b; Doyle, 1975; Simon et al., 
1976) has revealed the wide variety of paleoenvironments in the 
subsurface that are common in most estuaries, including layers of peat 
and channel sands dominated by quartz. 
Methods 
A total of 100 surface sediment samples and 5 vibra cores were 
collected during spring and summer of 1984 and 1985 (Figure 1.2 and Table 
1.2). Samples collected during 1984 consist of 57 surface sediment 
samples and all 5 vibra cores. Samples collected during 1985 consist of 
43 surface sediment samples, 23 of which were collected from 1984 sites. 
The remaining 20 were collected from various marinas and residential 
canals surrounding the Bay. Surface sediment samples were collected by 
hand or Ponar grab sampler. Vibra cores were collected by a small 
portable coring device using 3" aluminum pipes. 
Once collected, surface samples were washed, air dried, and split 
into four representative subsamples for subsequent analysis. Vibra cores 
were initially split longitudinally, then sampled at the top, bottom and 
1 m intervals in between and prepared (exactly as for surface samples) 
for further analysis. Textural analysis was performed on all samples by 
seive and pipette methods (Folk, 1965) at ~ 0 intervals. Calcium 
carbonate content was determined for all samples using the acid leaching 
method (Milliman, 1974). The standard textural parameters, median grain 
size, mean grain size, standard deviation, skewness, and kurtosis were 
determined on computer by the method of moments. Computer generated 
contour and trend surface maps were then produced showing distribution of 
13 
Figure 1. 2. Map of Tampa Bay showing station locations. 
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Table 1.2. Tampa Bay Hydrocarbon Study - Station Locations 1984-1985 
Station II Location 
1. Old Tampa Bay - 1/4 mile due north of east of small fixed bridge 
(northwest Bay) 
2. Old Tampa Bay - 1/4 mile due north of east end of main fixed bridge 
(northeast Bay) 
3. Old Tampa Bay - 1/4 mile north of jetty, St. Pete-Clearwater 
Airport, 10' water depth 
4. Old Tampa Bay - 1/4 mile due north of west end of Howard Franklin 
Bridge 
5. Old Tampa Bay - 1/4 mile north of east end of Howard Franklin Bridge 
6. Old Tampa Bay - 1/4 mile due north WSUN tower, 7' water depth 
7. Old Tampa Bay - 1/2 mile due north of east end of Gandy Bridge 
8. Old Tampa Bay - due east of Weedon Island Stacks, 7' water depth 9. Old 
Tampa Bay - due south Misener Marine, 8' water depth 
10. Hillsborough River - Rowlette Park 
11. Hillsborough River - River Shore Drive, north from Hillsborough 
Street, clearing beyond fire hydrant 
12. Downtown Tampa - junction of Seddon Channel and Garrison Channel, 
middle of channel 
13. Ybor turning basin - 50 m shoreward of marker U5 
14. Hillsborough Bay - 1/4 mile off Davis Island Yacht Club. 45° to 
Yacht Club 
15. Hillsborough Bay - 200 m due west of marker /135 
16. Hillsborough Bay - 200 m south of marker In, Port Sutton turning 
basin 
17. Hillsborough Bay - 1/4 mile due east of breakwater at Ballast Point 
18. Hillsborough Bay - 1/4 mile due south of marker 04, Catfish Point 
19. Hillsborough Bay - 100 m due north marker Dll on Alafia River, 5' 
water depth 
20. Alafia River - Williams Park, Rt. 41 
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21. Alafia River - dock at trailer park, just east of Rt. 301 bridge 
22. Hillsborough Bay - due east of Gadsden Point, 3/4 mile west of 
marker 1113 
23. Hillsborough Bay - 1/2 mile west of markers 014 and 1116 off Big Bend 
Power Plant 
24. Northwest Tampa Bay - 200 m due west of marker 1113J off Mermaid 
Point 
25. Tampa Bay - 1/4 mile due east of E-W runway, Albert Whitted Airport 
26. Quarentine Anchorage north Tampa Bay - 315 0 to Weedon Island Power 
Plant stacks, 220 0 to "cut E" range marker (north marker) 
27. Middle Tampa Bay - 135 0 to cut B range marker (north marker); 65 0 to 
Big Bend Power Plant stacks 
28. Bahia Beach - end of Pier, Bahia Beach Resort 
29. Little Manatee River - railroad bridge 1/4 mile west of Rt. 41 
(center of bridge) 
30. Little Manatee River - end of privat road, roughly 2 miles east of 
Rt. 41 bridge, at bend in river 
31. Little Manatee River - at dead end of 24 Street SE, adjacent of Camp 
Bayou 
32. Cockroach Bay - just inside Snake Key 
33. Lower Tampa Bay - 335 0 to marker 112, St. Petersburg Channel; 55 0 to 
marker 1! 2C Main Channel 
34. Lower Tampa Bay - 165 0 to lighted platform (north) Skyway Bridge; 
300 0 to center of fixed bridge (just north of main span) 
35. South Tampa Bay - 175 0 from marker 1!4A Main Channel, 126 0 from 
lighted platform, Skyway Bridge (south side) 
36. Southeast Skyway Bridge, roadside park near restrooms 
37. Lower Tampa Bay - 1/4 mile due south of marker 01, 3/4 mile due 
north of marker UIA (Main Channel) 
38. Boots Point. Miguel Bay - adjacent to boat ramp 
39. South Tampa Bay - 003 0 to lighted platform (south) of Skyway Bridge. 
45 0 to southern tip of bridge 
40. Southwest Channel - 200 m due west of marker US. southern tip of 
Egmont Key 
41. Passage Key Inlet - 1/4 mile due east of sothern tip of Passage Key 
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42. Boca Ciega Bay - Reddington Beach, 100 m due east of marker #20, 
Intercoastal Waterway 
43. Boca Ciega Bay - Johns Pass area, 100 m due east of marker #21, 
Intercoastal Waterway 
44. Boca Ciega Bay -roughly 200 m due east of Pasadena draw bridge 
45. Boca Ciega Bay - Vina Del Mar area, 100 m due west of marker #24 
46. Bunces Pass - 3/4 mile due south of Sawyer Key, middle of natural 
channel 
47. Boca Ciega Bay - 200 m due south of Tarpon Key, just out of main 
channel, 3' water depth 
48. Boca Ciega Bay - 200 m north of marker 1117, 200 m due south of 
Indian Key 
49. Boca Ciega Bay - 1/4 mile due north of marker D13, Maximo Point 
50. Terra Ceia Bay - 200 m from marker 33 on heading of 125 0 
51. Terra Ceia Bay - 1/4 mile due east of Bevilte Point, 11' water deptl 
52. Manatee River - 200 m due south of marker 119, mouth of river 
53. Manatee River - 4' of water directly off Snead Island Boat Works 
54. Manatee River - 1/2 mile due south of Hooker Point 
55. Manatee River - just shoreward of marker H24 on Ellenton side 
56. Manatee River - 200 m due east of marker #28, Ellenton 
57. Anna Maria Sound - 1/2 mile due west of marker ~55 
101. Seawall next to dock just south of DeSoto Park 
102. South side of 22nd Street Causeway, due east of Tampa Bay shrimp 
docks 
103. Bayboro Harbor, northwest corner of U.S.F. floating dock 
104. Bayboro Harbor, off north side of launch ramp U.S.C.G. base 
105. Seawall at NE corner of Vinoy Basin 
106. South side of Vinoy Basin 
107. Park at N end of Coffee Pot Bayou 
108. Coffee Pot Bayou, SE corner of Snell Isle bridge 
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109. Canal on Davis Island, 501 Suwanee Circle 
110. Apollo Beach canal, corner Apollo Beach Blvd. and Lakeshore Drive 
Ill. Coquina Key South (apts.) boat docks on N side of canal 
112. Canal, Madeira Beach, dock at 450 129th Ave. 
113. Treasure Island, Isle of Palms, 115th Ave. betwen 3rd & 4th Street 
114. Tampa, canal at West Swann Ave. and Shore Crest Circle 
115. Davis Island Yacht Club, N side of dock opposite club house 
116. St. Petersburg Municipal Marina, boat ramp at Demen's Landing 
117. Bahia Beach Marina (Ruskin), boat ramp at gas dock 
118. Gulfport Marina, end of gas dock 
119. Madeira Beach, Gulf Blvd., Florida Sport Fishing Center, off dock of 
"The White Whale" 
120. Canal at Gandy Blvd. dock at bait shop just west of "Cruising World" 
yacht yard 
19 
mean grain size and calcium carbonate content. Selected samples of the 
fine fraction were studied by SEM to determine sub samples from each of 
. 
the 5 vibra cores were taken for radiocarbon age dating. Each sample 
(for dating) was collected immediately above the bottom core sample to 
insure a minimum age of each bottom sample. Samples were analyzed by 
Beta Analytic. Inc. of Coral Gables. FL. The calcium carbonate fraction 
only was analyzed. 
Sediments of the Tampa Bay System 
Results of sediment analyses for both 1984 and 1985 surface samples 
are given in Table 1.3. Mean grain size for samples taken in 1984 ranges 
from 1.42 0 (medium sand) to 9.27 0 (clay). Most (52) lie within the 1 0 
to 4 0 (medium sand to very fine sand) range. Mean grain size shows a 
patchy distribution throughout the Bay (Fig. 1.3). Finest material is 
concentrated in the coastal areas surrounding the bay. Hillsborough Bav 
shows an exceptionally patchy distribution. Trend surface analysis shows 
a general increase in mean grain size toward the mouth of the bay 
(Fig. 1.4). Standard deviation is a measure of how well the sediment is 
sorted. Most samples are poorly ( = 1 0 - 2 0) to very poorly ( = 2 0 -
4 0) sorted (Table 1.3). Skewness measures the symmetry of distribution 
and can aid in determining sources of sediment input. Most values range 
from 1-3 indicating a very finely skewed distribution. A few samples, 
confined to Hillsborough Bay. are coarsely skewed. Kurtosis values. 
which measure "peakedness". are consistently greater than 1.0 indicating 
a leptokurtic to extremely leptokurtic distribution. 
\.......J ~ ........ l...-..i l-..i L.....i ~ ---.I ----.J -----i ~ ~ ~ '---i ~ !.-J. L.J ~ '--.J 
Table 1. 3. Tampa Bay Hydrocarbon (1984-1985) - Sediment Parameters. 
Grain Size 
Sample Median(~) Mean(0) St. Dev. (0) Skewness Kurtosis % Sand % Silt % Clay % C03 
('~ I'i)'f I~ (jl'i f1J)" 
1984 1 l" 2.42 2.91 ~-/~ 1.99 1. 44 8.25 93.62 '(',> 0.13 6.25 3.51 
2 2.35 2.48 1.05 2.87 40.55 98.41 0.11 1.48 1.02 
3 3.10 3.51 1.87 1.55 8.39 93.04 0.10 6.86 2.74 
4 x: 2.82 2.72 3 ./7 1. 71 1.30 10.19 96.45 93'Y6 0.11 3.44 2.85 
5 2.63 2.69 1.15 2.52 31.30 98.06 0.11 1.83 2.43 
6 2.82 2.86 0.81 3.09 55.90 99.11 0.03 0.86 2.38 
7 2.44 2.43 1. 24 1. 24 20.37 98.55 0.07 1.38 7.09 
2.71 2.90 27>- 1.49 2.11 18.35 96.34 ' 7" CJ 0.06 3.60 4.23 8 X , ... 
9 2.85 2.88 0.41 3.50 117.62 99.79 0.08 0.12 2.31 
10 1\ 2.43 2. 21 2. .8( 1. 38 0.44 10.57 99.01 C) ,,- I'" 0.03 0.96 19.55 
11 Y 2.85 2.99 ~ .,,\ 1.43 1.68 17.00 96.99 7"(. "'6 0.12 2.89 2.80 
U /-l .R )< 10.21 9.33 ~ · C.L 2.27 -1.09 2.86 11.83 On> 2.37 85.80 46.75 
1.3 l< 2.79 3.21 .(.'1 , 2.09 1.40 6.76 92.30 q, .o~ 0.12 7.58 8.52 
14 {..o M j. 2.74 3.16 2.19 1. 22 5.72 91. 98 0.20 7.82 16.14 
15 r«l, r,(, '" 10.20 9.19 </. ~ '1 2.40 -0.94 1.62 14.76 6lYsV 1.54 83.70 35.46 
16 ".{" ." 1(, 10.20 9.27 2.34 -1.06 2.68 11.89 3.14 84.97 38.69 
17 ( ,'!f'CI1 3.96 6.54 3.56 0.03 -1. 95 50.83 1.65 47.52 23.85 
18 "'l':'.! 2.73 2.97 1.48 2.21 19.02 96.24 0.04 3.72 1.49 
19 2.74 2.85 1.42 1.80 18.26 97.23 0.02 2.75 4.48 
20 X 2.62 2.45 ~l~ 1.86 0.73 7.22 96.92 ,S' . ~t, 0.17 2.91 21.16 
21 X 2.37 2.13 ) l y 1.81 0.62 6.73 9 7 • 76 q ~. ,,~ 0.13 2.11 18.10 
22 .q,,;, 12 y: 2.86 2.94 7':(b 0.94 2.72 41.98 98.68 rl.'f.l0 0.06 1. 26 1.18 
23 2.75 2.68 0.68 0.43 19.54 99.76 0.04 0.20 2.96 
24 2.93 3.07 1.10 2.78 34.32 97.92 0.04 2.04 4.44 
25 2.76 2.84 1.35 1.84 20.00 97.52 0.04 2.44 3.15 
26 X 0.91 1.42 ~ 3t> 1. 97 1.51 10.99 96. 49 7'3. <;"'0 0.12 3.39 23.1 2 
27 2.72 2.92 1.52 2.02 17.41 96.22 0.04 3.74 7.25 N 
28 X 2.73 2.68 2. tlJ( 1.59 1.00 11. 71 97.35 9D.dJ 0.10 2.55 20.53 0 
29 1. 70 1.84 1.22 2.94 37.81 98.16 0.04 1.80 .47 
30 2.84 3. 28 1.91 1.59 8.87 93. 24 0.10 6.66 2 .38 
~ ~ 1....1 I...-J .~ i-.i -...i ---i ---I -----.J --i ~ -i ',---, ----1 ,---.i '--.J .~~ 
Table 1.3. continued 
rA Y ,~~~ 17~Y 
31 2.93 2.71 2.42 0.50 3.22 93.96 0.52 5.52 8.80 
32 2.25 2.38 1.50 1.92 18.48 97.09 0.07 2.84 1.88 
33 2.62 2.76 1.49 2.04 18.63 96.61 0.06 3.33 7.21 
34 X 
2.64 2.74 1.38 2.18 21. 98 97.14 0.03 2.83 9.18 
35 2.05 1.97 2. '(7 1.55 1.59 16.00 97.61 ("It ·t/ 0.11 2.28 50.43 -
36 2.62 2.37 1. 78 0.93 8.11 97.09 0.22 2.69 50.12 
37 2.75 2.91 1. 29 2.43 25.31 97.24 0.07 2.69 7.87 
38 2.57 2.40 1.50 .93 12.05 98.20 0.02 1. 78 11.11 
39 2.89 2.30 1.15 2.43 29.63 97.94 0.02 2.04 10.28 
40 2.35 2.35 1.82 1. 25 10.29 96.35 0.06 3.58 21.26 
41 X 2.39 2.1,3 1.$1) 1.05 2.35 37.13 98. 73 ~,R 0.02 1. 25 8.19 
42 3.03 3.17 1.46 1.89 16.86 96.42 0.07 3.51 11.11 
43 
.>< 2.94 3.09 5.7b 1.62 1.49 12.47 96.03 7(p f 61 0.11 3.86 17 .54 
44 2.68 2.80 1.41 1. 96 19.21 97.14 0.04 2.82 9.91 
45 )( 2.91 3.14 3 ·1ft> 1. 55 1.89 15.03 95.79 ql 1-< 0.17 4.04 54.87 
46 Y 1.35 1. 43 }.oy 1.66 1.58 15.27 97.73 ? 6 .~3 0.02 2.20 47.58 
47 2.77 3.04 1.85 1.35 8.93 94.02 0.54 5.44 7.53 
48 2.69 3.00 1. 82 1. 62 10.52 94.51 0.19 5.29 11.51 
49 3.44 4.83 3.77 0.18 -1.04 68.32 2.72 28 .96 45.46 
50 X 2.24 2.16 /.~( 1.60 1. 28 13.25 97.64 Qt. f~- ' 0.03 2.33 32.46 
51 2.43 1. 98 2.41 0.62 3.16 95.62 0.32 4.06 43.89 
52 X 2.24 2 .16 ~ 9 f 1. 70 1.36 12.08 97.10 9 ~.(> ~ 0.05 2.85 33.61 
53 2.91 3.18 1.61 1.81 13.27 95.33 0.16 4.51 1.38 
54 ~ 2.70 2. 83 ~.:l&. 1. 42 2 .07 19 .95 96.97 9'1.,7... 0.02 3.02 4.40 55 2.50 2.02 2.25 0.60 4.23 96.30 0.08 3.62 28.55 
56 )C 2.87 3.54 \{.o1. 2.25 1. 26 4.77 90.12 tJ,f~ 0.16 9.72 11.63 
57 >C 2.79 2. 91 ( . ~3 0.97 3.38 48.67 98.42 Q7 ·0 4 0.02 1.56 1.38 
1985 1B 8.69 8.12 2.23 -0.31 -0.93 4.75 39.89 55.36 29.6 
4B 2.81 3.17 1.55 1.85 13.31 93.70 2.35 3.95 1.1 
8B 2.70 2.75 1.05 2.06 25.56 97.39, 1.36 1.25 2.9 
lOB 2.73 2.81 1. 28 1.92 19.05 96.26 1.46 2.28 3.7 
lIB 2.82 2.99 1.44 1. 22 12.56 94.86 2.62 2.52 2.7 N 
12B 5.86 6.62 2.49 0.21 -1.51 0.00 66.87 33.13 47.4 t-' 
13B 2.37 2.49 1.45 1. 79 16.69 96.02 1.42 2.56 4.8 
15B 3.72 1,.87 2.71 0.45 -0.24 60.54 20.66 18.80 20. 2 
20B 2.28 2.28 1.83 0.94 7.73 95.56 1.40 3.04 45.5 
~ '--i ~ I...-.i I.....i L.....,j --.i --' ~ .---i ----.J ---i -.J .~ --.J ~ ~ ~ ~ 
Table 1. 3. continued 
21B 2.55 2.24 1.42 0.04 4.81 98.03 1.13 0.84 13.5 
22B 7.33 7.10 2.77 -0.14 -1.39 24.70 30.46 44.84 39.6 
26B 2.54 2.30 2.13 0.72 4.35 93.52 2.81 3.67 49.0 
28B 2.73 2.81 2.33 0.62 2.92 90.09 3.37 6.54 22.5 
35B 2.47 2.42 1.44 1.35 13.89 96.61 1.40 1.99 23.3 
41B 2.40 2.50 1.38 1.66 17.07 96.52 1. 29 2.19 11. 7 
43B 2.84 3.76 2.31 0.83 1.71 76.67 13.63 9.70 21.8 
45B 3.12 3.40 1.36 1. 90 15.51 91.12 5.77 3.11 6.8 
46B 2.27 2.04 1.65 0.79 7.95 96.83 1.90 1. 27 36.6 
50B 2.00 1.81 1.77 0.76 6.66 96.95 1. 73 1. 62 44.6 
52B 2.30 1. 97 1.58 0.54 8.05 98.07 0.66 1.27 22.5 
54B 2.98 3.36 1.65 1.60 10.65 92.62 2.40 4.98 7.2 
56B 3.24 4.02 2.24 1.08 3.08 83.86 4.BO 11.34 7.5 
57B 2.73 2.83 1.09 2.45 29.96 97.06 1.19 1. 75 2.1 
101 {IL£r.'? 3.08 3.48 2.16 0.91 3.94 85.78 6.73 7.49 7.6 
ill 2.26 2.31 1. 23 1.56 20.83 98.00 .72 1. 28 4.2 
103 2.60 2.42 1. 98 0.56 4.77 93.80 2.70 3.50 8.0 
104 1.35 0.98 1.91 0.45 2.77 97.99 0.95 1.06 31.8 
105 3.22 1. 91 1. 70 0.39 5.10 96.99 1.37 1.64 IB.2 
106 2.62 2.65 0.99 1. 97 27.36 97.49 1.16 1.35 2.2 
107 2.46 2.43 1.14 1.56 23.29 98.12 0.85 1.03 9.5 
lOB 2.50 2.25 2.25 0.41 2.10 90.96 5.52 3.72 16.6 
109 .... " I 2.90 3.50 2.09 1.15 4.50 86.20 6.02 7.78 7.6 
110 -0.95 0.84 2.80 0.79 2.26 92.02 5.11 2.87 56.B 
III 2.77 2.60 1.60 0.44 7.45 96.61 1. 27 -0.12 12.6 
112 5.57 5.51 2.71 0.20 -1. 23 44.53 34.12 21.35 41.8 
113 2.56 2.36 1.87 0.59 4.98 94.41 3.24 2.35 21.0 
114 8.84 8.07 2.47 -0.51 -0.07 1l.90 29.12 58.98 27.0 
115 !AJvr ' 1 2.74 3.07 2.03 1.00 4.74 89.74 3.53 6.73 12.9 
116 -1.10 0.18 2.78 1.14 4.56 90.09 6.41 3.50 86.3 
117 2.45 2.33 1.50 1.04 12.45 97.] 0 1.01 1.89 10.8 
118 2.87 3.54 3.04 0.32 -0.06 73.68 13.53 12.79 45.2 N 
119 2.86 3.61 2.06 1.06 3.49 B3.85 8.55 7.60 27.2 N 
120 2.84 2.89 1.86 0.77 6.97 93.84 2.17 3.99 16.1 
NOTE: Sample numbers ending in "B" denote 1985 samples co llected from 1984 sites. 
Figure 1.3. 
23 
Contour map of mean grain size, 1984 samples (contours in 
o units). 
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Third order trend surface map of mean grain size, 1984 
samples (contours in 0 units). 
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Calcium carbonate content for 1984 sampling ranged from 17. to 
54.9%. Most samples (41) contained less than 20% CaC03 • Calcium 
carbonate had a patchy distribution in Hillsborough Bay and lower Tampa 
Bay proper (Fig. 1.5). The remaining areas had a relatively even 
distribution. Third order trend surface analysis showed a general 
increase in % CaC03 toward the Bay mouth (Fig. 1.6). 
The results of textural and calcium carbonate content analysis for 
vibra core samples are given in Table 1.4. Both textural and % CaC03 
values were similar to values for surface samples. No downcore trends 
existed with the exception of Cores 1, 17 and 41 which had a slight 
increase in 7. CaC03 downcore. Radiocarbon dates (Table 1.5) indicate 
that bottom samples from all cores are free from anthropogenic effects. 
Sample 16 from Hillsborough Bay was studied under SEM in order to 
determine composition of the fine «63~) fraction. No particles were 
identifiable as mineral grains but were composed of aggregates of 
extremely fine material. 
Textural data for samples collected in 1985 (Table 1.3) had a mean 
grain size ranged from 0.18 0 (coarse sand) to 8.12 0 (clay). Most (33) 
samples fell in the 1 0 to 4 0 (medium sand to very fine sand) size 
range. Like samples collected in 1984, mean grain size had a patchy 
distribution throughout the Bay (Fig. 1.7). Finest material is 
concentrated at the head of Old Tampa Bay and in upper Tampa Bay proper, 
due south of the interbay peninsula. Coastal areas surrounding the Bay 
also exhibited relatively fine mean grain size. Once again, Hillsborough 
Bay had a patchy distribution. Trend surface analysis indicated a 
general increase in grain size toward lower Tampa Bay from both the upper 
reaches of the Bay as well as adjacent Gulf waters (Fig. 1.8). Standard 
Figure 1.5. 
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Contour map of calcium carbonate content in surface 
sediments, 1984 samples (contours in % calcium carbonate). 
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Third order trend surface map of calcium carbonate 
content in surface sediments, 1984 samples (contours in 7-
calcium carbonate). 
/101 1 
............ 
...................... 
••••• •••• ••• •• •• • 1 ••••••••••••• 
..... e........... . .... 
I. 
. .... : ... . 
. .. ........ . 
. ........... . 
...... _ .. _. _ .... -.- ....... -... .. . . 
..... _--,---_ ..... ............. . 
. __ ._---_. __ .. _ ...... --_ .... - ......... ... . 
_._ ..... __ .. -_._ ._ ... -_ ..... _ ...... ......... . 
.. __ .. __ ... _ ... _ ... _----------------- .. ...... ... . 
.. __ . __ ._---_ ...... __ ._- -- _. __ ._-_ . . __ .... ....... .. . 
_ .. _ .. _._._ ... _._._---_.-----.--.- .--_._-- - ... ....... . 
_ ......... __ ._._--_ ... ---_ ......... _. _ .. _--_._-- ... ... .... . 
. _.- .. -----_. __ ._--_. __ .. _ .. __ ._-_ ... _---_ ..... _ ... .......... . 
-:,:::::::: ::::::::::::::::::::::::'::::::::: ::::::::: .. : : :::: : :: 
--- .... _--_ ... __ .... -_ .. _-_ .. _-_. __ .... _._-_ .. 
.. _._-_. __ .. _ .. ------_ .. _ ..... _ ....... _ .... _._-
---.;:0--.--.-.------.-.-----.. -............. ---...... . 
... __ .. ----_ .. _ .... _ .... _._-_ .. _--- ---- --------
.. -_ .. __ ._ ....... _._._ ... _-_ .. _--- ._- ----..... . 
_ .... -.-... -_ .. _._._ ... _._ .... _ ... ..... _ ... -
00~-06 06-09 09-0L OL-09 09-0; ... _-_._ .... _-_ .. _--_ .. _._--_ ..... __ ..... --.-_ .. -._._._--_ .. __ ._-_ .... __ ._-_.--_ .. -.... __ .. _ .... _ .......... . 
--._------.---_.--------_ ... ----_ .. _. ---_ ............. -.. ,. ~~~~~!!~! : :: 
.. lt f!f - .. •• .. \>., .. ... , .... 
......... -"" ... 1I ::;:~;~~~ 1 
-::::::::::: ::::::: :::: :::~::::: :::::: :::::::::::::::::: ::: .... 
_. --._-_ .. -_. ----.. -.. _ .. _--_. -_. _ ... --.. _ .. _ ... -----. ---. ---.-
.. .. .. _ ....... _ .. _ ... _ ... -.. _----.... --.. ---- -_ .. --_ ...... ---_. _ .. 
O;-O~ O~-Ot Ot-oz Oz-O~ O~-O :;::. -:::::::::::::::::::::::::::::::::::::j::::::::: :-::-•• •• • • • • _ow. __ • _________ ••••••• ____ • __ •• _ •• _ •• __ • ----_ ••• , 
......... --_ .... _ .. __ ._ .. _------........ __ .... _ ........ _ .. _ ........ _ ... -_._, 
..... ...... --- ... --... -------------..... ---.... -.. -- ... ~ ----_., .. 
......... .... --. __ . __ .. .. -.... _------------------_. -- -- ._--_. . ... 
................ .._----------_ .. __ ._---_._._-----_ .... __ ........ . 
...... .......... ... _ .. --_ .. _--- ...... -.. _-_ .. _- .. -_ ... __ .. _. ..; ...... . 
. ....... ....... ... ... ... ... ----··-·1 .. --- ... ·----· ........ ...... . 
........ , ....... ,................ - .................. . 
.............. ............... .............. ............................. . 
••••••••••••••••••••••••••••••• •• •••••••••••••••••••••• 1 •• • ••••••••••••••• 
........... ....................... .................................... .... 
................ ,', ...................................................... .. . 
........................................................................... 
••••••••••••••••••••• 1 ••••••••• ••• • •••••• • • •••••••••••••••• ••• •••••• •• ••••• 
............................................................................ 
..... ........................................................................... . 
• 1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 
................................................................................ 
................................................ ................................. 
• • •• •• •••• •• •• •• '" ., n nT'· 'TTTrn 'In • •••••••• I . I , .•. 1"1'\ •••• •••••••• • ••••••••••• " • 
.................................... ............................................. 
... ........ .. .. . ........ .. .. ... ... .. .... ................... ; .. . ....... .. .. .. ~ .. . 
...................................................... 
.... .. .. ... .. ...... .................................. ................ . 
........... : .......................... ............................... . 
....... , ......... .................................................... . 
.................... .................................................. . 
··t· ·· ··· ....................................•.•.............. t· ··· .. ··· .............. ............................... 1 
.. ··· ····· r·· .............. 1 ••••••••••••••••••••••••••• 
• • • • •••••••••••• •••••••••••••••••••••• ,rlI •• lI •• I'T'I ....... r 
......... .. ......... . ................................. . 
................................ 
... .... ....... ................ . .......................... . 
....................... 
...................................... . ............... . 
. :::::::::::::::::::::::::::::::::::::::::: ................ .. 
. :::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::!:: . 
.. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!:::::!1 
.................. 
. .............. . 
. ........... .. . 
. ............ . 
. ....... .. ... . 
. ............ . 
. ............. . 
................ 
. .............. . 
.r .•. · .•.••••..... 
. ................ . 
.... .............. 
• •• 1 ••••• • ••••••••• 
• ••••• 1 •• 
.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!!: 
............ .. ........ -- .................................................. . .::::::::!:: . 
.. ........... . ... ..... .......................... _ ...... _ .. _-_._-
.:: ::::::::: :::::::::::: ::::::::!::::::::::::::::::::::::::::::::::::::: 
"'1'" ........... .. ... - ·····················································1· :-: ::.::::::::: ::::: :::: :::::::-:::::::::::::::::::::::::::::::::::::::: .-.... 
...................................................................... 
:::::!: ::: : :::::::::::: :::::: :.: :::: ::::::::::::::: ::::::: :::: :::::::: 
.. ................................................................... 
.. ............. ......... ........ _ ..................................... . 
........................ ............................................. . 
.... ...... ............... ............................................ . 
......................... ............................................. . 
. ::::::::::::::::::::!:::: 
.......................... 
........................... 
.......... ................. 
. :!::: :::::::::::::::::::::: 
........................... 
.. ::: .'::::::::::::::: ::: ::::::: 
:::::::: .. :::::::::::::::::::;::: 
7. •••••• •• f ••••••• • ••••••••• •••••••••• 
.... ..................... . 
::::: ::::::::::::::::::::: 
• • ••• •• a •••••••••••••••••• 
................... ....... 
.. .. .... ... ............... 
.......................... 
........... ..... .... ...... 
••••••••• •• •••.•••.••• ! •• 
..... .. ................. 
........................ 
...................... 
..................... 
............ , ........ . 
.................... 
I ••••• . ••• 
.. -.. . : . 
IE 
........ ::::::::::::::::::::::::::!:::: 
. ......................... . 
. ....... _ .............. . 
......................... 
.......................... 
. ...................... . 
....................... 
....................... 
...................... 
.................... 
.::::::::::::::!:::::::: . 
......................... 1 
.................... , 
.................... ", 
................... " 
. .................. , ", 
····1·-··· .. · .. ···· ,.,."",." 
... ............. ,.""""",.", 
· ............... "",""","".,, 
· ................ """"""""" 
· ............... """"""""", 
. ............... ",-""""""""., 
· .. ··1· ......... ",.",.""""",."", 
............... ",."",.,.""",." ."" 
. .............. ",":""""""""" 
............... "."""""""""",,, 
·1········· .. ··· "":""""".""""".,,,--:-: 
...... .. ......... "'"":1""""""",, ."""" 
.................. """"", "", """" ,-"""", 
................ """"""" """"" "":'':''''-'':';'':'' •.• •.••...•••.•.. -"""""""""""~-O:~.":, ,,-, ,":,,',,--
.... •. .•••••••.••. ..".,.""."."", "", ,." "!".,,-", 'to: "."", .. , .. ", 
· .................. """".,."", "",.", ".""",-,."",, -: .. -": ", .. ~ 
.. .... ............ ."" ",.",.", ""."" """", -" """., -,:, ~:., 
•••••• •••••••••••• .""""",.""""" ... -: ' "-:"",,0:-;,-:,'-; "'':";'" 
...•.•••..•••...•. """"""""""-"""",,"!-,,, .... .,- .. , .... 
• .•••• ,..... .•..•. """""""", "--:-:-: .. ",-, .. ",,, -;,. "! ':, : .. , 
.................. """.""""""-:"":":",-,,.,-:,, ,":,--:" ", 
•••••••••••••••••• """",.""",.",-:"""""" ,, - ,~,, -; 1 
.................... """""", .. ,", .. ,.", .. """ ,- ... _ ... 
.................... """""",'':'':'''':'':,'' --: ''',-:, ' 
............... '''''''''''''' ' ·-''-·.''!1''-
........... """"""":' 
...... "", .. .""".,-:"" 
-". .. "'."' ..,.  "'."'."' .. :7:.;~~J12~~~: ~:~~~ .; 
••....•.•••...•...... -: ·""1"'''' 
... :::::!:::::::::::::::::::::::. 
'.:::::::!::. 
.:: ~:::::: 
• ••• '! •••• 
Table 1. 4. Tampa Bay Hydrocarbon. Vibra Core Samples - Sediment Parameters. 
Grain Size 
Depth in 
Corel! Core Median(~) Mean(~) St. Dev. (~) Skewness Kurtosis % Sand % Silt % Clay % C03 
1 Top 2.29 2.31 0.64 1.54 35.91 99.768 .070 .162 .20 
1 1 m 2.73 3.17 2.07 1.40 6.95 92.680 .044 7.276 2.03 
1 1.16 m 2.62 3.17 2.29 1. 28 5.21 90.957 .053 8.99 2.32 
17 Top 2.47 2.40 0.55 0.42 25.62 99.832 .101 .067 2.22 
17 1 m 2.49 2.60 1.29 2.40 26.37 97.530 .093 2.377 3.16 
17 2 m 2.71 3.72 3.52 0.49 -.22 79.112 .614 20.274 16.89 
17 2.31 m 1.64 2.12 3.50 0.64 0.82 8.6.920 .903 12.177 24.71 
*27 Top 10.03 6.95 3.61 -0.11 -1. 91 43.848 2.013 54.139 71.95 
41 Top 2.72 2.72 0.35 2.58 97.59 99.894 .053 .053 2.28 
41 1 m 2.59 2.71 1.19 2.64 31.52 97.829 .062 2.109 4.71 
41 1.77m 2.75 2.70 0.54 -0.42 25.39 99.898 .048 .054 8.43 
43 Top 2.61 2.00 1.58 -0.58 0.82 99.760 .109 .131 28.13 
43 1 m 2.77 2.52 1.59 0.28 7.42 98.130 .482 1.388 37.45 
43 2 m 2.40 2.04 2.03 0.66 5.40 96.855 .347 2.798 31.09 
43 2.12 m 2.52 2.09 1.21 0.69 4.22 96.195 .388 3.417 30.27 
* Core #27 penetrated solid rock. Therefore, the bottom could not be analyzed for sediment parameters. 
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Table 1.5. Radiocarbon Age Dates 
Core No. Depth in Core (cm) C-14 Age Years B.P. 
17 220-225 3,490 ± 80 
27 35-40 18,120 ± 250 
41 165-170 2,730 ± 100 
43 200-205 3,150 ± 130 
1 55-65 1,390 ± 240 
--
1 
1 
1 
1 
1 
1 
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1 
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] 
Figure 1.7. 
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Contour map of mean grain size, 1985 samples (contours in 
r/J units). 
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Third order trend surface map of mean grain size, 1985 
samples (contours in ~ units). 
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deviation values for most (33) samples ranged from 1 ~ to 4 ~, poorly to 
verJ poorly sorted. Skewness values dominantly laid between a and 2 
showing that sediments collected in 1985 also tend to be very finely 
skewed. Kurtosis values are dominantly leptokurtic, similar to 1984 
values. 
Calcium carbonate content for samples collected in 1985 ranged from 
1.1% to 86.3%, thirty three consisted of less than 30% CaC03 • Unlike the 
distribution calculated for 1984, 1985 calcium carbonate content appeared 
patchy throughout the entire Bay with patchiest areas concentrated in mid 
to upper Tampa Bay proper (Fig. 1.9). Trend surface analysis revealed a 
general increase in % CaC03 toward the southeastern margin of Tampa Bay 
proper as well as northwest into Old Tampa Bay and northward into Boca 
Ciega Bay (Fig. 1.10). 
The 1984 and 1985 textural data had many similarities. Both had 
mean grain sizes of medium sand to very fine sand. Contour maps of both 
sampling periods reflected patchy distributions with extremely patchy 
distribution in Hillsborough Bay. Several factors may contribute to 
patchy distributions. First, Hillsborough Bay has several inputs of 
particulate matter. Shallow water carbonates are produced in situ as 
well as transported in from the lower Bay and Gulf of Mexico. Fine 
terrigenous clastic material is supplied (albiet in. small quantities) by 
~~w 
fluvial input. Additionally, particulate matter is introduced as point 
source inputs heavy industrial and urban developments surrounding 
Hillsborough Bay (Simon, 1974). Secondly, circulation in Hillsborough 
~o 
Bay is poor (Cote, 1973); therefore, sediments from differing sources 
cannot be distributed evenly. The remaining Bay area also exhibits a 
patchy textural distribution for the same reasons discussed above. 
Figure 1.9. 
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Contour map of calcium carbonate content in surface 
sediments. 1985 samples (contours in % calcium carbonate). 
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Figure 1.10. 
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Third order trend surface map of calcium carbonate 
content in surface sediments, 1985 samples (contours in % 
calcium carbonate). 
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Better circulation however, tends to even out the distribution. Trend 
surface maps from both periods exhibit different patterns but both 
indicate general increase in mean grain size toward the Bay mouth. 
Standard deviation values for both 1984 and 1985 samples indicate 
sediments are poorly to very poorly sorted throughout the Bay. Two 
factors are responsible for sorting of this type: 1) mUltiple sources of 
sediments of different sizes; and 2) the lack of sufficient physical 
energy to better sort the sediments. Skewness and kurtosis values also 
indicate mUltiple sources of sediment input. Very finely skewed samples 
typical of most of the Bay, suggest an excess input of fine grained 
material added to the dominantly coarser grained relict sediments. 
Kurtosis values are leptokurtic to extremely leptokurtic throughout the 
Bay indicating domination by one end member. Sediments in Hillsborough 
Bay are dominantly fine grained suggesting input from rivers and urban 
runoff. Coarse sediment probably comes from calcium carbonate material 
transported from the lower Bay and Gulf or are produced in situ. The 
remainder of the Bay is dominated ' by coarser grained 'material with fines 
contributed by fluvial processes and urban runoff. This distribution may 
once again reflect the lack of circulation in Hillsborough Bay, 
preventing import of material from the lower Bay and Gulf. 
Distributions of calcium carbonate content in sediments were 
dissimilar between the 1984 and 1985 sampling periods. The reason for 
this difference is not clear. It may reflect the patchy distribution or 
possibly indicate that CaC03 input from in situ carbonate production may 
vary from place to place and season to season throughout the year. It is 
doubtful that physical processes could be directly responsible since 
textural parameters are similar for both years. 
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Since some new stations were occupied in 1985 and since most 
parameters were not appreciably different between 1984 and 1985, we have 
integrated both years' data for a summary of sediment distribution. As 
with individual yearly data, mean grain size shows a general patchy 
distribution, especially in Hillsborough Bay and at Bay margins (Fig. 
1.11). A trend toward larger mean grain size toward the Bay mouth exists 
(Fig. 1.12). Calcium carbonate content shows a very complex distribution 
throughout the entire Bay (Fig. 1.13), but with a general trend toward 
increase in i. CaC03 toward the Bay mouth (Fig. 1.14). 
Sediments of many sizes and contents are being introduced into the 
Bay. Coarse material, consisting dominantly of calcium carbonate, comes 
from the adjacent Gulf of Mexico as well as in situ production. The 
dominant constituent is molluscan shell debris, also the dominant 
carbonate component of offshore sediments. In situ pro~uction is 
probably from numerous oyster bioherms located throughout the Bay. Over 
100 have been identified. Distribution of these bioherms appears to be 
random with a slight preference for buried channels (Willis, 1984). This 
may partly account for the patchy distribution of calcium carbonate 
content within Bay sediments. Fine material is introduced by both rivers 
and urban runoff, especially in the upper most reaches of the Bay such as 
Hillsborough Bay. This material consists of quartz, clay minerals, and 
various other kinds of detritus. Quartz occupies the fine sand and silt 
fraction of the sediments. Clay minerals and detritus make up the clay 
size fraction. High organic content results in the dark color and heavy 
H2S smell of some "mucky" sediments in Hillsborough Bay. 
Flood tidal currents (reaching 2-3 kts) and storms introduce 
sediments from the Gulf. The general counter clockwise current pattern 
Figure 1.11. 
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Contour map of mean grain size, 1984 and 1985 samples 
(contours in 0 units). 
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Third order trend surface map of mean grain size, 1984 
and 1985 samples (contours in 0 units). 
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Contour map of calcium carbonate content in surface 
sediment, 1984 and 1985 samples (contours in i. calcium 
carbonate). 
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Third order trend surface map of calcium carbonate 
content in surface sediments, 1984 and 1985 samples 
(contours in i. calcium carbonate). 
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distributes sediments in the open portion of Tampa Bay proper and Old 
Tampa Bay. Hillsborough Bay which lacks much circulation. therefore. is 
dominated by material introduced from the surrounding land mass. This 
lack of circulation also may account for the strongly reducing sediments. 
The various residential canals and marinas surrounding the Bay exhibit 
patchy textural and calcium carbonate distribution. also a result of poor 
circulation. 
Man's activities in the Bay certainly influence the distribution of 
sediments. Dredge and fill operations, mining of fossil bioherms. and 
boat traffic, both commercial and recreational, disrupt the natural 
sedimentation processes. The total effect of these activities is 
difficult to assess however. and is beyond the scope of this report. 
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PART 2. CARBON ISOTOPES AND LOW MOLECULAR WEIGHT HYDROCARBONS 
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CHAPTER 3. CARBON ISOTOPE STUDIES ON TOTAL ORGANIC CARBON IN TAMPA BAY 
SEDIMENTS 
Introduction 
Nearshore gradients in the stable isotope composition of sedimentary 
organic carbon have been repeatedly demonstrated over the past 20 years. 
e.g •• Sackett and Thompson (1963). Letolle and Martin (1970). Hunt 
(1970). and Newman et al. (1973). These early investigators reasoned 
that these gradients were due to a mixing of land and marine derived 
organic matter which retained the mean signatures of their plant 
precursors. thought to be about -27% 0 and -20% 0 vs. PDB. 
respectively. Although this simple model is still generally applicable 
for most depositional environments. several complicating factors have 
been discovered in recent years. First. as shown in the upper part of 
Figure 2.1. a major dichotomy in the fractionation of carbon isotopes 
during CO2 fixation by land plants was demonstrated in papers by Tregunna 
et al. (1970). Whelan et al. (1970). Smith and Epstein (1971). and Bender 
(1971) with plants fixing carbon by the C4 (Hatch-Slack) pathway being 
12 
considerably less enriched in C than plants fixing carbon by the C3 
(Calvin-Benson) pathway. 
A second dichotomy or trend was demonstrated by Sackett et al. 
(1965) for marine phytoplankton with warm water samples close to -20% 0 
and colder water samples trending down to -30% 0 • with the authors 
proposing a temperature effect in the photosynthetic fixation of 
inorganic carbon. 
Figure 2.1. 
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Histogram of some 0 l3e compositions of land and marine 
plants. 
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In addition, a dichotomy between phytoplankton and other marine 
plants, analogous to the C3 and C4 pathways in land plants is illustrated 
by the compilation of values in the lower part of Figure 2.1. All of 
these additional factors should be viewed as aids rather than 
13 
obfuscations of using a C values as indicators of ancient depositional 
environments. 
The study described in this paper was undertaken to provide a 
baseline of 013C values for the organic matter in sediments of Tampa Bay, 
Florida. It was hopea that these values might be used in the future to 
assess the contribution of petroleum residues in the sediments in the 
event of an oil spill in the bay from either production or transportation 
activities. Because of frequent dredging activities, it was necessary to 
look at down-core variations and to fix these variations with regard to 
time by radiocarbon dates on a carbonate rich interval in 5 spatially 
representative vibracores. 
Although the justification for this program was on the basis of an 
environmental baseline survey, it nevertheless provides another 
13 interesting scenario of a C signatures that may be useful in 
understanding the contemporary deposition of organic carbon on the one 
hand and ancient depositional environments on the other. 
Methods 
Samples of the top five cm of bottom sediment were taken at 63 
stations distributed throughout Tampa Bay (Figure 2.2) using a miniature 
van Veen grab. In addition, five stations, located away from charted 
dredge spoil areas, were cored to a depth of 2-3 m using a portable 
Figure 2.2. Station locations and o13C composition of total 
sedimentary organic carbon in Tampa Bay. 
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vibracoring rig. These samples were stored frozen in glass jars that had 
been prewashed with nannograde methanol and dichloromethane to prevent 
hydrocarbon contamination. 
At each sampling station, depth, water temperature and salinity were 
measured. Sediment grain size was determined on the collected sediment 
by standard sieve and pipette methods (Folk, 1965). Percent by weight of 
calcium carbonate in sediments was determined by acid leaching (Milliman, 
1974). 
Aliquots of partially thawed grab samples of bottom sediments were 
placed in aluminum boats and dried at 55°C to a constant weight to 
determine percent moisture. Subsamples (0.5-2.0g) of the dried material 
were placed in precombusted (>800°C) ceramic boats and treated with 2N 
HCI on a hot plate (55-60°C) .to remove carbonates. The samples were then 
combusted using a circulation technique similar to that described by 
Craig (1953), and purified CO2 was manometrically measured for % organic 
carbon and then collected for stable carbon isotope analysis using a 
Finnigan Mat 250 isotope ratio mass spectrometer. Isotope ratios are 
reported using the o13C notation, with values referenced to the PDB 
standard. 
Similar procedures were followed for stable carbon isotope analysis 
of vibracore sections. Four core sections from each of the five cores 
were analyzed and included the surface section and 1-4 cm slices taken at 
regular intervals to as great as 2.3 m depth. Radiocarbon dating of the 
carbonate fraction in the bottom section of each core was done by 
Beta Analysis of Miami, FL. 
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Results and Discussion 
All of the data pertinent to this study is given in Table 2.1. Two 
sets of surficial sediment parameter numbers are given for each vibracore 
station. One set is for the grab sample and the other for the top 
sections of the vibracores which were taken sometime later and not 
precisely in the same locations. Salinities are reported for water 
samples collected at the same time as sediment grab samples during May 
and June, 1984, the middle of the dry season in the Tampa Bay area. 
Salinities reflected the general trends of fresh water input into Tampa 
Bay and the temporal and spatial variations of rainfall, riverine inputs 
and tidal flushing. 
Range 013C were -27.6% 0 up the Hillsborough River to about -20% 0 
in the middle of the Bay to about -10% 0 for the small semi-restricted 
bays along the Gulf coast (Figure 2.2). The low values for riverine 
samples reflect the values for land plants and -20% 0 values that of 
marine phytoplankton. The mid-Bay gradient between these two values, as 
reasoned by previous investigators, represents a systematic mixing 
between these two end members in going from one depositional environment 
to the other. The -10% 0 to -16% 0 values can be explained by the 
presence of a third end member, sea grasses with o13C values in this 
range. Sea grass meadows study area are dominated by three species 
Thalassia testudinum, Halodule wrightii and Syringodium filiforme. 
13 Samples yielded a C values of -10.6 and -11.40; -13.9 and -10.2; and 
-10.0 % 0 , respectively. Two other species Ruppia maritima and Spartina 
alterniflora (marsh grass) had values of -11.1 and -15.5 % 0 , respec-
tively. Relatively constant -16% 0 values down core at Station 43 
.TABLE 2.1. Data for Tampa Bay Study 
Station Salinity* Core Depth 
Number (%0) (cm) % ~63)J 
VC-l 21.5 Surface (S) 6 
Top (T) 1 
60 
99 7 
160-161 9 
2 23.0 S 2 
3 21.8 S 7 
4 22.4 S 4 
5 23.7 S 2 
6 24.4 S 1 
7 24.6 S 1 
8 24.0 S 4 
9 25.3 S 1 
10 1.5 S 1 
11 8.1 S 3 
12 24.0 S 88 
13 24.0 S 8 
14 25.3 S 8 
15 24.8 S 85 
16 26.0 S 88 
17 25.2 S 49 
VC-17 T 1 
98-101 2 
220-225 13 
203 21 
18 25.4 S 4 
19 24.6 S 3 
20 S 3 
21 9.4 S 2 
22 25.9 S 1 
23 26.5 S 1 
24 25.5 S 2 
25 S 2 
26 25.4 S 4 
27 27.0 S 4 
VC-27 T 56 
40 
28 25.8 S 3 
29 21.0 S 2 
30 16.7 S 7 
31 0.2 S 6 
SEDIMENT PARAMETERS 
Organic Carbon 
%C CO % ~13C o a 3 u 
4 0.38 -22.6 
0.04 -21.2 
0.15 -19.7 
2 0.13 -21.2 
2 0.07 -20.6 
1 0.06 -21.4 
3 0.25 -22.0 
3 0.20 -22.3 
2 0.97 -22.6 
2 0.19 -21.3 
7 0.22 -20.9 
4 
2 0.04 -21.5 
20 0.40 -26.8 
3 0.18 -27.6 
47 5.00 -24.7 
8 0.11 - 21.7 
16 0.79 -22.3 
39 1.90 -22.3 
36 3.10 -21.9 
24 1.14 -22.0 
0.05 -22.2 
0.23 -21.4 
17 1.52 -16.5 
17 1. 78 -19.4 
1 0.20 -21.0 
4 0.39 -21.4 
21 
18 0.59 -21.9 
1 0.15 -20.8 
3 0.12 -21.2 
4 0.17 -20.4 
3 0.60 -19.8 
23 1.54 -21.1 
7 0.16 -20.1 
1.48 -20.3 
0.48 -20.3 
20 0.77 -22.3 
1 0.03 -25.6 
2 0.62 -26.2 
9 3.14 -24.8 
63 
14C Age 
(yrs. B.P.) 
1390±240 
3490±80 
18,120±250 
TABLE 2.1 (continued) 
Station Sa1inity* Core Depth 
Number (%0) (cm) 
32 29.1 S 
33 30.0 S 
34 31.8 S 
35 30.6 S 
36 30.6 S 
37 33.2 S 
38 32.1 S 
39 32.6 S 
40 33.6 S 
41 34.3 S 
VC-41 T 
100-104 
165-166 
170 
42 33.0 5 
43 32.6 S 
VC-43 T 
100 
200 
200-205 
44 33.0 S 
45 32.7 S 
46 33.2 S 
47 32.0 S 
48 32.4 S 
49 29.7 S 
50 30.3 S 
51 31.7 S 
52 30.6 S 
53 29.5 S 
54 28.8 S 
55 27.9 S 
56 26.8 S 
57 32.7 S 
A S 
B S 
D S 
E S 
F S 
G S 
* May - June 1984 
SEDIMENT PARAMETERS 
Organic Carbon 
% < 63lJ %CaC03 
% o13c 
3 2 0.74 -20.7 
3 7 0.16 -20.0 
3 9 0.12 -18.8 
2 50 0.14 -16.1 
3 50 0.16 -20.8 
3 8 0.41 -18.5 
2 11 0.07 -21.1 
2 10 0.18 -18.3 
4 21 0.30 -18.0 
1 8 0.36 -20.1 
1 0.09 -22.5 
2 5 0.06 -17 .5 
0.05 -17.7 
1 0.08 -17.7 
4 11 
4 18 0.47 -16.7 
1 0.24 -16.8 
2 1.00 -14.9 
3 0.73 -15.4 
4 30 . 0.70 -15.8 
3 10 0.35 -16.8 
4 55 0.21 -16.3 
2 48 0.08 -16.9 
6 8 
5 12 0.88 -16.4 
32 46 
2 32 0.25 -18.3 
4 44 0.63 -19.4 
3 . 34 0.09 -19.7 
5 1 0.15 -22.1 
3 4 0.26 -21.6 
4 29 1.12 -22.3 
10 12 0.64 -23.4 
2 1 0.11 -16.0 
0.96 -10.7 
4.22 -25.3 
0.41 -24.2 
0.01 -21.4 
0.28 -22.9 
0.49 -25.4 
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14C Age 
(yrs.B.P.) 
2730±100 
3150±130 
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suggest that the contributions and presumably, the depositional environ-
ment, have remained constant for some period of time - about 3,000 years 
if the core has been continually deposited since the radiocarbon date at 
2.0 meters. 
Sediments with the highest percentage organic carbon contents had 
the highest percentage <63~ particle size fraction (Table 2.1). The 
correlation for 67 surficial sediment sediments was relatively good with 
a correlation coefficient of 0.76. The inverse relationship between 
grain size and organic carbon content, often observed in other areas, is 
explained by dilution of the high organic carbon-bearing fine grain size 
fraction with either low organic carbon-bearing quartz sand or calcium 
carbonate skeletal material. Quartz sands generally control the percen-
tage organic carbon of sediments in our study area. One anomalous 
feature is the occurrence of organic rich carbonate muds at stations 12, 
15, 16 and 17 at the mouth of the Hillsborough River. Presumably, fine 
grain carbonate is the residium of upstream weathering of underlying 
limestones beds. 13 Values of -5.7 and -4.3% 0 ( 0 C) for the carbonate 
fraction at stations 12 and 16, "respectively, are atypical of marine 
carbonates and support a diagenetic source for this material. 
In the event of an oil spill, evaporation, dissolution, photo and 
microbial oxidation reduce the spilled oil to a small fraction of its 
original mass in a matter of days to weeks. Eventually the residual 
material is sedimented when its mass becomes denser than sea water 
through the loss of the least dense components by the processes listed 
above and/or by the accretion of particles, or vice ~, sorption on 
settling particles with desities greater than one. 
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Generally, uncontaminated marine sediments contain only a few ~g of 
petroleum hydrocarbons per gram sediment; Farrington and Tripp (1977), 
Gearing et ale (1976), Sleeter et ale (1979), whereas petroleum contami-
nated sediments may have many thousands of ~g hydrocarbons per gram 
sediment; Farrington and Tripp (1977), Van Vleet and Quinn (1978), Boehm 
and Quinn (1978), Hurtt and Quinn (1979), Atlas et ale (1981). The 
procedures required for quantifying these concentrations are well 
developed, albeit time consuming, and involve solvent extraction, column 
separation, gravimetric and GC and/or GC-MS techniques. 
On the other hand, the original rationale for this program was that 
o13c signatures of the total organic carbon (relatively easy and quick if 
the equipment is available) may be used as indicators of petroleum 
contamination. 13 13 The ~ C values are the calculated shifts in 0 CTOC by 
the addition of 100 ~g petroleum C to 1 gram aliquots of sediments (Table 
2.2). A value of -27.0% 0 for petroleum is taken, as this is about the 
average value found for floating oil residues in the eastern Gulf of 
Mexico (Van Vleet et al., 1984). As indicated in the table, 26 of 52 
samples had a 0.3% 0 or larger negative shift. As the precision for 
this measurement is better than 0.1% 0 , the primary factors which reduce 
the sensitivity of this approach are the spatial variability of back-
13 ground 0 C compositions and the amounts of contaminating oil and TOC. 
Petroleum contamination in sediments with high indigenous TOC would 
tend to be obscured. However, as the 100 ~g petroleum C/g sediment is on 
the low side for contaminated sediments reported in the literature, the 
calculated shifts in o13C are probably minimal and the values for con-
taminated sediments will probably show a dramatic pattern that should 
define the extent of a spill-impacted bottom. 
TABLE 2.2. Change in 013C (~13C) on addition of 0.1 mg C of petroleum 
residues per g sediment. o13C petroleum = -27.0%°' 
TOC TOC 
Sta. No. mg C/g 0 DC Sta. No. mg C/g o13 C 
1 3.8 -22.6 -0.1 29 0.3 -25.9 -0.3 
2 0.6 -21.4 -0.8 30 6.2 -26.2 0 
3 2.5 -22.0 -0.2 31 31.4 -24.8 0 
4 2.0 -22.3 -0.2 32 7.4 -20.7 -0.1 
5 9.7 -22.6 0 33 1.6 -20.0 -0.4 
6 1.9 -21.3 -0.3 34 1.2 -18.8 -0.6 
7 2.2 -20.9 -0.3 35 1.4 -16.1 -0.7 
9 0.4 -21.5 -1.1 36 1.6 -20.8 -0.4 
10 4.0 -26.8 0 37 4.1 -18.5 -0.2 
11 1.8 -27.6 0 38 0.7 -21.2 -0.7 
12 50.0 -24.7 0 39 1.8 -18.3 -0.5 
13 1.1 -21. 7 -0.4 40 3.0 -18.0 -0.3 
14 7.9 -22.3 -0.1 41 0.9 -21.1 -0.6 
15 19.0 -22.3 0 43 4.7 -16.7 -0.2 
16 31.0 -21.9 0 44 3.5 -16.8 -0.3 
17 11.4 -22.0 0 45 2.1 -16.3 -0.5 
18 2.0 -21.0 -0.3 46 0.8 -16.9 -1.4 
19 3.9 -21.4 -0.1 48 8.8 -16.4 -0.1 
21 5.9 -21.9 -0.1 50 2.5 -18.3 -0.3 
22 1.5 -20.8 -0.4 51 6.3 -19.4 -0.1 
23 1.2 -21.2 -0.4 52 0.9 -19.7 -0.7 
24 1.7 -20.4 -0.4 53 1.5 -22.1 -0.3 
25 6.0 -19.8 -0.1 54 2.6 -21.6 -0.2 
26 15.4 -21.1 0 55 11.2 -22.3 0 
27 1.6 -20.1 -0.4 56 6.4 -23.4 0 
28 7.7 -22.3 -0.1 57 1.1 -16.0 -0.9 
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The intent of the preceding discussion is not to suggest that 
13 Q CTOC composition can be used solely to assess an oil impacted bottom 
but that this parameter provides another diagnostic indicator. Proof of 
its usefulness in Tampa Bay can only come if there is a spill in the 
future. 
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CHAPTER 4. CARBON ISOTOPE STUDIES ON THE LIPID CARBON IN TAMPA BAY 
SEDIMENTS 
Introduction 
The amounts of total organic carbon (TOC) in marine sediments are 
usually quite low, normally less than one percent and often only a few 
tenths of one percent, lipid carbon is generally less than 1% of TOC. 
Thus, a significant anthropogenic input of carbonaceous material to 
sediments will be detected if it has a somewhat different isotopic 
composition from the indigenous carbon. Detection sensitivity is 
dependent on the relative amounts and isotopic difference between two 
sources of carbon. An example of this use is a systematic study of 
sediment compositional change due to man's activities around an offshore 
production platform reported by Gormly and Sackett (1975). Twenty-four 
wells were drilled and produced from the platform. A blow-out and fire 
subsequently destroyed the platform and ten additional relief wells were 
drilled in the immediate vicinity. Obviously, the platform location was 
the focus for a good deal of anthropogenic activity. 
13 Values of 0 C were determined for the total and chloroform extract-
able carbon in various intervals of cores taken at nine stations at and 
around the platform location. The data for the surface sediment are 
given in Figure 2.3. 13 Also given is ~o C, the difference between the 
extractable and total carbon values. This parameter shows a systematic 
change in all directions from the platform location. After considering 
all aspects of what had occurred at the platform, Gormly and Sackett 
13 (1975) concluded that the systematic changes in ~o C were due to organic 
Figure 2.3. 
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013C compositions of total and extractable organic carbon 
in surficial sediments around Shell Platform B, South 
Timbalier Block 26 (after Gormly and Sackett, 1975). 
1 
/ 
-23.1 
-23.0 
-28.8 
-28.5 
5.7 0 
i~;;;;;;J 
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carbon in the cuttings from the many wells that were drilled. The 60 13C 
of about +2 in the old rock fragments being brought to the surface was 
one end member and the other was about +7 for the indigenous sediment 
organic carbon. The contribution from the fire residues could not be 
13 defined but the one point that was clear was that 0 C values of the 
total and extractable organic carbon delineated an area of about 4 square 
miles on the ocean bottom affected by man's activities. 
Following the ramifications of the Gormly and Sackett (1975) study, 
a baseline was established in Tampa Bay using a similar approach. 
Procedure 
Sediment lipids (50-100g dry weight) were extracted from 2-9cm 
sub-sections of the vibracore samples. Lipids were separated by soxlet 
extraction for 48 hrs. using a 60:40 mixture of benzene and methanol. 
The solvent mixture was evaporated in a rota-evaporator and transferred 
with 50ml hexane and dichloromethane (DCM) to glass vials. lOmI aliquots 
of extracted lipid were evaporated to 1ml and transferred to pre-
combusted pyrex glass ampoules. Solvent was removed under a stream of 
nitrogen and 2g of cupric oxide was added. 
Ampoules were sealed under vacuum and put in an oven at 550°C 
overnight which combusted lipid carbon to CO2 and H20. The CO 2 was 
purified by cryogenic techniques and analyzed on a Finnigan Mat 250 
isotope ratio mass spectrometer. Results were reported relative to the 
PDB standard (Table 2.3). The 0 differences between total and lipid 
13 
carbon (6 C) are reported in the far right column of Table 2.3. 
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Table 2.3. Amounts and carbon isotope compositions of total and lipid carbon in 
vibracore sections. 
TOTAL ORGANIC CARBON 
o l3C STATION INTERVAL (TOC) LIPID CARBON % 
(CM) WT.% o l3C WT.%x10 3 o l3C vsTOC o TOTAL-o LIPID 
1 S 0.04 -21.2 2.9 -27.2 7.2 6.0 
Sl-60 O.lS -19.7 6.2 -2S.1 4.1 S.4 
96-104 0.l3 -21.2 S.S -27.4 4.2 6.2 
lS0-lS3 0.07 -20.6 2.7 -27.3 3.9 6.7 
17 S O.OS -22.2 6.8 -29.S l3.6 7.3 
103-10S 0.23 -21.4 9.1 -26.2 4.0 4.8 
203-20S 1.52 -16.S 10.3 -24.8 0.7 8.3 
224-230 1. 78 -19.4 23.1 -2S.8 1.3 6.4 
27 S 1.48 -20.3 1.2 -27.S 0.8 7.2 
40-44 0.48 -20.3 1.2 -26.8 0.2 6.5 
41 S 0.09 -22.S 8.0 -24.S 8.9 2.0 
103-10S 0.06 -17.S 3.4 -27.8 S.7 10.3 
16S-169 O.OS -17.7 3.S -27.6 7.0 9.9 
170-17S 0.08 -17.7 2.1 -27.S 2.6 9.8 
43 s 0.24 -16.8 19.6 -20.3 8.2 3.S 
193-200 1.00 -14.9 l3.6 -18.8 1.2 3.9 
196-201 0.73 -lS.4 2S.4 -19.6 3.S 4.2 
20S-212 0.70 -lS.8 lS.7 -20.1 2.2 4.3 
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Lipid extracted weights were determined on 0.5ml aliquots of the 
hexane-DCM lipid soluble mixture and weighed on a Mettler AE 100 balance. 
Results and Discussion 
13 As given in Table 2.3, 0 C values for the lipid carbon range from 
-24.5 to -29.5%0 for samples from Tampa Bay stations 1, 17, 27 and 41. 
The average value -26.8, is only 0.3%0 from -27.1% 0, the average 
value for about 100 samples of floating oil residues found offshore west 
Florida in a two year study by Van Vleet et ale 1984. Thus, it appears 
that an oil spill and the resultant residue that would be deposited in 
Tampa Bay sediments could not be differentiated from the indigenesis 
lipids by means of carbon isotope analyses. 
Organic matter deposited at station 43 in Boca Ciega Bay has an 
appreciable sea grass component as discussed in the previous section on 
13 the 0 C signatures of the total sediment organic carbon. The indigenous 
lipid compositions given in Table 2.3 range from -18.8 to -20.3, at least 
7% 0 more positive than any oil that might be spilled in this area. It 
is clear that carbon isotope signatures of both the total and lipid 
carbon can provide definitive measures of oil contamination in sea grass 
dominated systems. 
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CHAPTER 5. LOW MOLECULAR WEIGHT HYDROCARBON CONCENTRATIONS IN TAMPA BAY 
Introduction 
Low molecular weight hydrocarbons (LMWH) consisting of methane, 
ethane, propane and the butanes in the marine environment are controlled 
by natural phenomena and human activities. Natural processes controlling 
the distribution of LMWH include air-sea exchange, seepage or diffusion 
across the sea-sediment interface and in situ biological production 
(Brooks and Sackett, 1977). Man derived inputs, which are almost 
exclusively petrogenic, result from offshore and onshore oil production, 
transportation and manufacturing operations (Brooks and Sackett, 1973). 
The purpose of this study was to provide a comprehensive data set of 
baseline concentrations of light hydrocarbons in Tampa Bay that may be 
used to assess the extent of future oil pollution. Recent interest in 
the exploitation of oil on the West Florida Shelf requires an adequate 
knowledge of pre-exploration ambient concentrations of petroleum hydro-
carbons. 
Low molecular weight hydrocarbons are abundant constituents of crude 
oils and natural gas · (NAS, 1985). The relative concentration of C1 
through C3 hydrocarbons in the water column has been used to characterize 
biogenic and petrogenic hydrocarbons (Frank et al., 1970; Cline and 
Holmes, 1978; Brooks et al., 1981; Wiesenberg et al., 1982). These 
compounds are sensitive indicators of the presence of the more difficult 
to measure, relatively soluble, highly toxic compounds of petroleum such 
as aromatics and nitrogen, sulfur and oxygen containing compounds 
(Sackett and Brooks, 1974). 
76 
Methods 
Water samples were collected in 250ml glass bottles, which were 
allowed to overflow, and capped with no headspace. Samples were stored 
in the dark, at 4°C immediately upon return to the laboratory. Vogel et 
ale (1982) reported C1 - C4 hydrocarbon formation was greatly inhibited 
under these conditions. Bottles were removed from storage overnight (12 
hr) to achieve ambient room temperature (20°C) prior to analysis. 
Hydrocarbon analyses were performed according to the modified procedure 
of Swinnerton and Linnenbom (1967). The method involves stripping the 
gases from solution with helium. The hydrocarbons were concentrated on a 
cold trap (-110°C) containing Chromosorb 102. The trap was isolated and 
warmed to 90°C, followed by injection of the sample into a chromato-
graphic stream via a six-port valve. A Hewlett-Packard 5710 gas chroma-
tograph equipped with a flame ionization detector and a Chromosorb 102 
column was used for the analyses. 
The chromatograph was calibrated by direct injection with a gas 
mixture containing known amounts of the C1 - C4 hydrocarbons. Calibra-
tions for each hydrocarbon were fitted to a straight line. Based on 
these calibration curves, 95% confidence intervals were: CH4 , 2.34%; 
C2H4 , 3.96%; C2H6, 4.89%; C3H6, 24.3%; and C3H8 , 11.37%. The large 
confidence intervals for the C3 hydrocarbons are explained by inadequate 
peak resolution. Additional error incurred through loss of sample in the 
stripping chamber may increase this spread of uncertainty. 
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Results and Discussion 
All of the results for LMWH are listed in Tables 2.4 and 2.5 for 
1984 and 1985, respectively, for the station locations given in Figure 
2.2. A total of 195 samples were analyzed. In each table, column 1 
gives location, number of samples (X) and date of collection. Columns 
2-4 for Table 2.4 and columns 2-6 for Table 2.5 present the various light 
-1 hydrocarbon concentrations in nl liter (nanoliters of gas at STP per 
liter of water). The last three columns in both tables list relative 
abundances of various hydrocarbons. No concentrations of C3 hydrocarbons 
have been reported in Table 2.4 because of the wide confidence interval 
associated with their determination. Third order trend surface maps 
(Figures 2.4-2.11) of LMWH concentrations in Tampa Bay were generated by 
SYMAP. Trend surface analysis fits a third order surface to the values 
at given data points using polynomial approximation to minimize the 
squares of the deviations between trend surface values and the given data 
set. 
Light hydrocarbon concentrations in Tampa Bay show great spatial and 
temporal variations. The 1984 and 1985 average concentrations, expressed 
-1 in nt t , for these hydrocarbons are: CH4 , 4117; C2H4, 182; C2H6, 218; 
C3H6, 29; and C3H8 , 7.2. The abundance of these compounds fall in the 
same range of values as those reported for other urbanize~ estuarine 
systems (Brooks and Sackett, 1973; Swinnerton and Lamontagne, 1974). 
-1 The average baseline concentrations in nt t based on the analysis of 
427 clean ocean water samples, as reported by Swinnerton and Lamontagne 
(1974), are: CH4 , 49.5; C2H4, 4.8; C2H6, 0.50; C3H6 , 1.4; and C3H8 , 
0.34. The supersaturation of light hydrocarbons in coastal waters may be 
explained by biogenic and/or anthropogenic processes. 
Table 2.4. Light Hydrocarbons in Surface 'Haters, Tampa Bay, 1984. 
Concentration Units 
Nanoliters (STP)/liter CH4 CH4 C2H6 Station No., Location, 
No. of Samples (X) and Date CH4 C2H4 C2H6 CH4 eq. C2H6 C2H4 
1. Old Tampa Bay (2) 6/5/84 3248 175 154 66 21 0.88 
2. Old Tampa Bay (1) 6/5/84 6044 64 271 122 22 4.23 
3. Old Tampa Bay (2) 6/5/84 2734 181 321 55 8.5 1.77 
4. Old Tampa Bay (2) 6/7/84 4063 42 176 82 23 4.17 
6. Old Tampa Bay (2) 6/5/84 2104 139 124 43 17 0.89 
7. Old Tampa Bay (2) 6/5/84 3454 59 163 70 21 2.78 
8. Old Tampa Bay (3) 6/5/84 6595 45 188 133 35 4.18 
9. Old Tampa Bay (1) 6/5/84 5759 71 501 116 11 7.01 
12. Hillsborough River (1) 6/6/84 8112 114 248 164 33 2 .19 
13. Hillsborough Bay (2) 6/6/84 8084 110 236 163 34 2.15 
14. Hillsborough Bay (3) 6/6/84 3680 176 280 74 13 1.59 
15 . Hillsborough Bay (2) 6/6/84 7158 148 364 145 20 2.45 
16. Hillsborough Bay (2) 6/6/84 7173 231 347 145 21 1.50 
17. Hillsborough Bay (2) 6/6/84 2812 115 317 57 8.9 2.75 
18. Hillsborough Bay (2) 6/6/84 736 225 271 15 2.7 1.20 
18A. Hillsborough Bay (4) 12/5/84 1389 61 60 28 23 0.97 
19. Hillsborough Bay (2) 12/5/84 1818 88 93 37 19 1.06 
20. Alafia River (2) 12/5/84 1330 92 172 27 7.7 1.88 
21. Alafia River (1) 6/12/84 19973 383 397 403 50 1.04 
21A. Alafi a River (1) 12/5/84 6828 135 90 138 76 0.67 
22. Hillsborough Bay (1) 6/6/84 2931 573 399 59 7.4 0.69 
23. Hillsborough Bay (2) 6/6/84 6307 423 467 127 14 1.10 
23A. Hillsborough Bay (4) 12/5/84 5758 244 163 116 35 0.67 
24. Middle Tampa Bay (2) 12/5/84 1850 70 99 37 19 1.42 
25. Middle Tampa Bay (1) 12/5/84 1455 132 281 29 5.2 1.08 
28. Middle Tampa By (3) 6/1/84 5519 107 309 III 18 2.88 
-...J 
29. Li ttle Manatee River (2) 6/1/84 2043 38 95 41 21 2.48 00 
30. Little Manatee River (1) 6/1/84 2940 191 
31. Little Manatee River (3) 6/1/84 9405 262 
32. Middle Tampa Bay (3) 6/8/84 3779 84 
37. Lower Tampa Bay (1) 5/14/84 3005 54 
42. Boca Ciega Bay (1) 6/7/84 6024 228 
43. Boca Ciega Bay (3) 6/7/84 4149 179 
44. Boca Ciega Bay (2) 6/7/84 4461 56 
46. Boca Ciega Bay (2) 6/7/84 6769 69 
47. Boca Ciega Bay (3) 6/7/84 4893 81 
51. Terra Ceia Bay (1) 6/8/84 3917 90 
54. Manatee River (1) 5/30/84 1025 378 
55. Manatee River (1) 5/30/84 491 41 
56. Manatee River (1) 5/30/84 2960 47 
57. Anna Maria Sound (1) 6/8/84 5849 53 
P. Middle Tampa Bay (4) 12/5/84 1379 103 
BH. Bayboro Harbor (1) 10/10/84 7597 64 
BHl. Bayboro Harbor (2) 11/7/84 9602 131 
BH2. Bayboro Harbor (3) 11/14/84 2822 58 
BH3. Bayboro Harbor (3) 12/4/84 2928 56 
BH4. Bayboro Harbor (2) 12/5/84 1828 133 
SC. Salt Creek (1) 12/2/84 7944 181 
EK. Egmont Key (2) 10/3/84 4986 39 
AR1. Alifia River (3) 12/5/84 3239 157 
AR2. Alafia River (2) 12/5/84 3656 162 
AR3. Alafia River (1) 12/5/84 3543 113 
321 59 
253 1~0 
207 76 
77 61 
250 122 
169 84 
211 90 
442 137 
250 99 
296 79 
133 21 
18 9.9 
105 60 
261 118 
51 28 
154 153 
219 194 
120 57 
28 59 
54 37 
50 160 
245 101 
169 65 
150 74 
68 72 
9.2 
38 
18 
39 
24 
24 
21 
15 
20 
13 
7.7 
27 
28 
22 
27 
49 
44 
24 
103 
34 
158 
20 
19 
24 
52 
1.68 
0.95 
2.46 
1.42 
1.10 
0.95 
3.77 
6.43 
3.10 
3.30 
0.35 
0.44 
2.25 
4.91 
0.50 
2.40 
1.67 
2.08 
0.51 
0.41 
0.28 
6.23 
1.08 
0.93 
0.60 
-...J 
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Table 2.5. Light Hydrocarbons in Surface Water, Tampa Bay, 1985. 
Concentration Units 
Nanoliters (STP)/liter seawater CH4 CH4 C2H6 Station No., Location 
No. of Samples (X) and Date .CH4 C2H4 C2H6 C3H6 C3H6 CH4 eq. C2H6+C3H8 C2H4 
lB. Old Tampa Bay (2) 5/14/85 2883 142 237 1.8 59 58 9.7 1.67 
4B. Old Tampa Bay (2) 5/14/85 1249 123 94 1.0 8.0 25 12 0.77 
8B. Old Tampa Bay (2) 5/14/85 750 179 219 6.0 93 15 2.4 1.23 
lOB. Hillsborough River (2) 3/18/85 11967 298 219 12 46 242 45 0.74 
lIB. Hillsborough River (2) 3/8/85 5552 369 147 73 42 112 29 0.40 
12B. Hillsborough River (2) 5/15/85 5655 356 395 53 6.0 114 14 1.11 
13B. Hillsborough River (1) 5/15/85 2961 168 478 3.8 21 60 5.9 2.85 
15B. Hillsborough Bay (2) 3/8/85 3490 139 201 4.2 4.5 71 17 1.44 
20B. Alafia River (2) 3/8/85 11594 105 303 3.5 73 234 31 2.88 
21B. Alafia River (2) 3/8/85 2366 378 283 16 17 48 7.9 0.75 
22B. Hillsborough Bay (2) 5/14/85 1245 190 163 2.7 34 25 6.3 0.87 
26B. Middle Tampa Bay (2) 5/14/85 1630 100 234 2.2 27 33 6.2 2.35 
28B. Middle Tampa Bay (2) 3/8/85 1135 195 205 36 193 23 2.8 1.05 
35B. Lower Tampa Bay (1) 5/16/85 326 169 107 trace trace 6.6 3.0 0.63 
41B. Lower Tampa Bay (2) 5/16/85 1956 268 267 11 35 40 6.5 0.99 
45B. Boca Ciega Bay (2) 5/16/85 2120 193 388 11 21 43 5.2 2.01 
46B. Boca Ciega Bay (2) 5/16/85 4674 252 391 8.2 103 94 9.5 1.55 
50B. Terra Ceia Bay (2) 5/16/85 387 202 121 3.1 46 7.8 2.3 0.60 
52B. Manatee River (2) 5/16/85 303 188 135 7.3 15 6.1 2.0 0.72 
54B. Manatee River (2) 5/16/85 342 139 268 7.2 57 6.9 1.1 1.93 
56B. Manatee River (2) 5/16/85 699 157 97 4.4 55 14 4.6 0.62 
57B. Anna Maria Sound (2) 5/16/85 314 185 323 5.6 trace 6.3 1.0 1. 75 
101. McKay Bay (2) 3/8/85 1841 106 88 3.8 37 37 15 0.83 
102. McKay Bay (2) 3/8/85 5249 87 70 4.4 42 106 47 0.80 
103. Bayboro Harbor (2) 3/1/85 8263 163 189 trace trace 167 44 1.16 
104. Bayboro Harbor (1) 3/1/85 7234 224 92 1.6 45 146 53 0.41 
105. Vinoy Basin (2) 3/1/85 551 209 159 4.5 trace 11 3.5 0.76 00 
106. Vinoy Basin (2) 3/1/85 3211 195 164 4.8 trace 65 20 0.84 0 
107. Coffee Pot Bayou (2) 3/1/85 11121 334 153 
108. Coffee Pot Bayou (2) 3/1/85 4240 297 81 
Housing Canals 
109. Hillsborough Bay (2) 3/8/85 3211 178 238 
110. Middle Tampa Bay (2) 3/8/85 1692 266 293 
112. Boca Ciega Bay (2) 3/5/85 4324 382 108 
113. Boca Ciega Bay (2) 3/5/85 2931 245 154 
114. Old Tampa Bay (2) 3/8/85 4763 90 84 
Municipal/Private Marinas 
115. Hillsborough Bay (2) 3/8/85 2612 166 191 
116. Middle Tampa Bay (2) 3/1/85 2710 515 376 
117. Middle Tampa Bay (2) 3/8/85 3559 365 169 
118. Boca Ciega Bay (2) 3/1/85 5713 410 217 
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Third order trend surface map of methane abundance in 
surface water, 1984 samples (concentration units in n£ 
(STP) / £) • 
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surface water, 1984 samples (concentration units in ~ 
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Third order trend surface map of ethane abundance in 
surface water, 1984 samples (concentration units in nt 
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Third order trend surface map of methane abundance in 
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The abundance of methane in the water column in Tampa Bay, as 
demonstrated in Figure 2.4 and 2.7, reflects variations in the activities 
of anaerobic bacteria in the sediments. Comparison of Tampa Bay methane 
data with open ocean concentrations (Swinnerton and Lamontagne, 1974) 
yields supersaturation values up to 400% greater than open ocean values. 
High concentrations of dissolved methane in Chesapeake Bay have been 
attributed to sewage pollution (Lamontagne et al., 1971). High organic 
matter production associated with human related activities and riverine 
and runoff transport into the Bay and primary production within the Bay 
and resulting deposition and anaerobic methanogenesis are probably 
responsible for the supersaturation of methane. Methane produced by 
anaerobic bacteria in the digestive tract of zooplankton may be a 
secondary source (Traganza et al., 1979; Oremland, 1979). As also shown 
by other studies, the highest methane values are associated with coastal 
areas adjacent to urbanized centers. 
The production of ethane and propane is generally believed to 
require the thermocatalytic reactions involved in the formation of 
petroleum. Since there are no oil production activities in the Tampa Bay 
area, another source must be responsible for the high concentrations of 
ethane and propane measured in this study. In recent years evidence has 
been accumulating that the C2 - C4 alkanes may also be formed at low 
temperature either by chemical or by microbiological processes. Traces 
of C2 - C4 alkanes have been reported in sedimentary environments where 
thermogenic inputs are unlikely (Hunt, 1974; Bernard et al., 1978; 
Kvenvolden and Redden, 1980; Whelan et al~, 1980). Oremland (1981) and 
Vogel et ale (1982) reported that certain methanogens produced light 
hydrocarbons other than methane. The data presented here, however, can 
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not be completely explained by activity of methanogenic bacteria which 
form only trace amounts of non-methane LMWH. Correlation coefficients 
between the light hydrocarbons do not indicate a common source. Geo-
chemical processes alter hydrocarbon composition preferentially and 
tend to mask the source of production. Low temperature chemical degrad-
ation may explain the high ethane and propane concentrations. 
If ethane is formed from low temperature chemical processes in the 
water column a correlation between total lipids and ethane should exist. 
Figure 2.12 is a plot of total lipids vs. ethane for 12 stations during 
1984 and 1985. A correlation between the gaseous hydrocarbons and total 
lipids supports the contention that ethane is produced through a low 
temperature chemical pathway, possibly photochemically and/or microbially 
mediated. Insufficient data prevents the correlation of propane with 
total lipids. 
Production of ethylene and propylene seems to be related to biolog-
ical processes and/or photochemical reactions on organic matter in 
seawater (Brooks and Sackett, 1973; Lamontagne et al •• 1973; and Wilson 
et al •• 1970). The abundance of C2 and C3 unsaturates is correlated to 
chlorophyll-a which is linked to primary productivity. High concentra-
tions of these two compounds are expected and found in the highly 
productive Tampa Bay estuary. Biological production from sea grasses may 
also be a significant ethylene and propylene source (Macdonald. 1976). 
Low molecular weight hydrocarbons may be classified with respect to 
either biogenic or petrogenic sources by considering the relative 
abundances of the gases (Bernard et al .• 1976; Cline and Holmes. 1978). 
Gas from a biogenic source is indicated by a methane/(ethane + propane) 
(C1/C2+C3) ratio of over 1000 and a ethane/ethene ratio less than 1. A 
Figure 2.12. 
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Ethane and total lipids in surface water, 1984 and 1985 
samples (concentration units in n (STP)/~ and mg/~ , 
respectively). 
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petrogenic gas source is suspected if the gas has a methane/(ethane + 
propane) (C I /(C2+C3) ratio less than 50 and a ethane/ethene ratio greater 
than 1. The preponderance of CI /(C2+C3) ratios in Tampa Bay were less 
than 50, indicating a large petrogenic component to the dissolved LMWH 
whereas ethane/ethene ratio are ambiguous showing a range from a biogenic 
- character (less than 0.5) to a petrogenic character with ratio much 
greater than 1.0. The use of these ratios in interpreting the possible 
processes generating LMWH in the water column is not well documented. It 
is doubtful that all of the samples in this study with low methane/ 
(ethane + propane) and high ethane/ethene ratios contain oil derived 
hydrocarbons. An obfuscating factor is microbial oxidation of methane 
and higher hydrocarbons to a lesser extent which would markedly decrease 
CI /(C2+C3) ratios and possibly ethane/ethene through production of 
unsaturated hydrocarbon metabolic products. Although these ratios are 
useful in understanding the pathway of production where there is actual 
submarine seepage of hydrocarbons, the relative importance of the pro-
cesses controlling the light hydrocarbon distribution in Tampa Bay seem 
to be too complex to be resolved by this approach. 
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PART 3. HYDROCARBONS (EXCLUDING LMWH) 
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CHAPTER 6. METHODS 
Sediments 
Isolation of Hydrocarbons 
In the laboratory, each sediment was thawed and mixed to provide 
homogeneous samples. Approximately 2-5 g of each sediment was weighed 
and dried to constant weight for moisture content determination; 50-100g 
(dry weight) of remaining sediment was transferred to a Soxhlet apparatus 
for lipid extraction. Internal standards (50 ~ g each of Sa- androstane 
and o-terphenyl in acetone) were added to the sediment prior to 
extraction to provide reference compounds for later quantification of 
saturated and unsaturated hydrocarbons by gas-liquid chromatography. 
Lipids (organic solvent soluble compounds) were extracted and 
saponified in one step by refluxing sediments in a Soxhlet extractor with 
a 1:1 mixture of O.SN methanolic-KOH plus benzene. Samples were 
extracted for 48 hr or until the extraction solution was clear. A five 
fold excess of organic solvent to sample dry weight was used in all 
extractions to insure complete hydrocarbon recovery. A strip of 
activated copper foil was placed below the extraction thimble to remove 
elemental sulfur from the extract. 
After cooling, each solvent mixture was transferred to a separatory 
funnel and a volume of 3% NaCl equal to the volume of methanolic-KOH was 
added to separate the phases. After the benzene was drawn off, the 
aqueous methanol phase was extracted twice more with hexane (hexane 
volume >10% of aqueous-methanol volume). The combined extracts were back 
extracted with distilled water to remove trace amounts of methanolic- KOH. 
Anhydrous sodium sulfate was then added to the extracts to remove 
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residual water. Lipid extracts were evaporated to near dryness using a 
rotary evaporator and reconsituted to 50 ml with hexane. An aliquot of 
each sample was evaporated to dryness and weighed to obtain the total 
extracted lipid weight. A 1 ml aliquot of each lipid extract was 
evaporated to 1 ml volume and was applied to a 150 mm x 10 mm i.d. glass 
column containing 2.5 g of 5% deactivated alumina over 5 g of activated 
silica gel for clean up and separation into saturated (FI; aliphatic) and 
unsaturated (F2; aromatic/olefinic) hydrocarbon fractions. Saturated 
hydrocarbons were eluted with 25 ml of hexane. Unsaturated hydrocarbons 
were subsequently eluted with 25 ml of 1:1 hexane:benzene. In this 
manner. pure hydrocarbon fractions were isolated from the sediments. 
Gas Chromatography 
Each FI and F2 hydrocarbon fraction was evaporated to near dryness 
and analyzed by high resolution glass capillary gas-liquid chromatography 
(GC) using a Hewlett-Packard Model 5880A gas chromatograph. Samples were 
analyzed on a 30 m x 0.25 mm i.d •• 0.25 ~m film thickness DB-5 (bonded/ 
cross linked dimethyl (95%)-diphenyl (5%)-polysiloxane) fused silica 
capillary column (J. W. Scientific, Rancho Cordova. California). 
Splitless injection mode (injection port temperature = 240°C) was used 
-1 
with a hydrogen carrier gas flow rate of 3 ml min • Oven temperature 
was programmed from IOO-280°C at 6° min (FI) or 8°C min- 1 (F2). 
Hydrocarbons were detected using a flame ionization detector (@300°C) and 
integrated using an integrating data processor equipped with BASIC 
programming capability. This data processor allowed storage and 
retrieval of raw chromatographic data as well as multiple programmed 
calculations based upon reassigning baseline conditious. 
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Combined Gas Chromatography-Mass Spectrometry 
Selected aromatic hydrocarbon samples were analyzed by combined high 
resolution gas chromatography-mass spectrometry using a Hewlett-Packard 
Model 5992B computerized GCMS system. Samples were analyzed on a 30 m 
DB-5 fused silica column. Running conditions were as follows: splitless 
-1 injection mode; carrier gas = helium; column flow rate = 2 ml min ; 
injection port temperature = 240°C; oven temperature programmed from 
90°-255°C at 4°C min-I; electron mUltiplier voltage = 1200-1800 eV; scan 
-1 
mode @690 amu sec ; selected ion monitoring mode @100 m sec dwell time 
per ion. A list of the compounds monitored, the characteristic mass 
units (ion of maximum response), and the relative response factors used 
to identify and quantitate each compound are listed in Table 3.1. 
Organisms 
Approximately 10-15 g wet weight of each tissue was placed in a 
Soxhlet apparatus and 50 ~g of each internal standard (Sa-androstane and 
o-terphenyl in acetone) was added. Samples were saponified-extracted for 
48 hr (as above) using a 1:1 mixture of 0.5N methanolic-KOH plus benzene. 
After cooling, lipid extracts were partitioned with 3% NaCI and extracted 
with hexane in a separatory funnel. Combined extracts were evaporated to 
reduced volume for column chromato-graphy, followed by GC and GCMS 
analyses of the Fl and F2 hydrocarbon fractions as described above. 
Water 
Internal standards (50 ~g each of ~-androstane and o-terphenyl in 
acetone) were added directly to each 15 I water sample immediately upon 
collection. After shaking, 1.5 1 of CH2C12 was added to initiate 
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Table 3.1. Ion of maximum response and relative response factors of the 
PAH compounds quantitatively analyzed by combined gas 
chromatography-mass spectrometry. 
RELATIVE 
MAXIMUM RESPONSE 
ION FACTOR 
COMPOUND RESPONSE (AREA! AMOUNT) 
Naphthalene 127.95 1.02 
C1N 141. 95 1. 76 
C2N 15.6.00 0.54 
C3N 170.05 0.37 
Phenanthrene 177.95 1.59 
C1P 192.00 0.73 
Cl 206.05 0.27 
C3P 220.10 0.16 
Dibenzothiophene 183.95 1. 29 
C1D 197.95 0.59 
C2D 212.00 0.22 
C3D 226.05 0.13 
Pyrene 202.40 0.19 
C1Py 216.35 0.10 
Cly 230.45 0.019 
C3Py 244.50 0.008 
o-Terphenyl 230.10 1.00 
Androstane 260.45 0.22 
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extraction and inhibit microbial activity. After returning to the 
laboratory, the organic phase was drawn off and the water sample 
extracted twice more with similar volumes of CH2C12 • The combined 
organic phases were evaporated to reduced volume for column chromato-
graphy, followed by GC and GCMS analyses of the F1 and F2 hydrocarbon 
fractions as described above. 
Intercalibration 
In order to confirm that all hydrocarbon analyses would be precise 
and accurate, several intercalibration exercises were initially carried 
out in cooperation with a private research foundation (Mote Marine 
Laboratory, Sarasota, Florida) and an independent consulting firm 
(Interscience, Inc., Tampa, Florida). The following four samples were 
distributed for analysis during the intercalibration exercise: (1) South 
Louisiana Crude Oil; (2) Tarball collected from Mustang Island Beach, 
Texas; (3) Kuwait Crude Oil, and (4) Hillsborough River sediment extract 
(Sta. 12). Saturated/aliphatic (F1) hydrocarbons were analyzed by USF 
and Mote Marine Laboratory using high resolution gas chromatography (GC) 
as described above. Key aliphatic ratios as well as n-alkane range, 
n-alkane maximum, carbon preference index (CPI) and resolved versus 
unresolved components were measured for comparison of GC results. 
Unsaturated/aromatic (F2) hydrocarbons were analyzed by USF and Inter-
science, Inc. using combined high resolution gas chromatogrpahy-mass 
spectrometry (GCMS) as described above. Key aromatic components and 
their C1-C3 alkylated homologs were measured for comparison of GCMS 
results. 
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CHAPTER 7. HYDROCARBON CALCULATIONS AND DATA INTERPRETATION 
Hydrocarbons in the Fl and F2 fractions were quantitated by 
comparison of the integrated chromatographic peak areas with the areas of 
the internal standards, 5a-androstane (Fl) and o-terphenyl (F2), after 
correction of the hydrocarbon peak areas for their individual response 
factors (determined daily on a standard mixture of normal and isoprenoid 
alkanes in the boiling range nC I4-nC34). Instrument sensitivity was 
-1 -1 
about 0.1 ~g g for sediments and organisms and 0.1 ~g £ for water 
samples. Precision was determined to be ±10-20% throughout this study. 
The intergrating data processor interfaced with the Hewlett-Packard 
5880A gas chromatograph allows storage and retrieval of raw chromato-
graphic data as well as user-programmed multiple post-run calculations 
based upon reassigning baseline conditions. The BASIC program developed 
for this study allowed rapid automatic calculation of the absolute 
concentrations of aliphatic (boiling rangeC I4-C34) and aromatic (2 ring 
to 5 ring) hydrocarbons, resolved versus unresolved components, percent 
aliphatics and aromatics, and individual alkane parameters including 
nC I7 /pristane, nC I8/phytane, pristane/phytane, nC29 /nC I7 , odd-even ratio, 
n-alkane maximum, and n-alkane range. 
These diagnostic parameters were used to characterize the hydro-
carbon components found in fish, shellfish, bivalve, sediment and water 
samples collected during the study. Biogenic hydrocarbons could be 
differentiated from fossil fuel hydrocarbons (i.e. petrogenic or 
pyrogenic) by using the parameters described above. 
In order to evaluate petroleum contamination in an environmental 
sample, it is necessary to distinguish between recently biosynthesized 
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(biogenic) hydrocarbons and petroleum hydrocarbons. A comparison of 
biogenic and petroleum hydrocarbons shows the following differences which 
are useful in detecting petroleum contamination in environmental samples 
(Farrington and Meyers, 1975): 
(1) Petroleum contains a much more complex mixture of hydrocarbons 
with a much greater range of molecular structures and molecular 
weights than biogenic hydrocarbons. Analysis of marine and 
terrestrial organisms have shown that most species do not 
produce more than a few individual hydrocarbons which can 
easily be separated by gas chromatography. 
(2) Petroleum contains many homologous series. Adjacent members of 
a series usually are present in nearly the same concentration. 
The 1:1 correspondence of even-and-odd-numbered n-alkanes is an 
example. In marine organisms, the odd carbon-numbered 
n-alkanes clearly dominate. 
(3) Petroleum contains numerous cycloalkanes and aromatic 
hydrocarbons in comparison with the small number of each class 
which are characteristic of marine organisms. 
(4) Petroleum contains numerous naptheno-aromatic hydrocarbons 
which have not been found in marine organisms. 
Once released into the sea, the composition of an oil is affected by 
four general modes of alteration. Since not all hydrocarbons are 
affected by the various modes at the same rates, differential weathering 
results for different types of oils. Much of the early, but definitive, 
work on weathering of crude oils was done by Ehrhardt and Blumer (1972). 
These authors found the following trends to hold for most crude oils. 
Early stages of weathering of an oil released into the sea are dominated 
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by evaporation and dissolution. The two processes are thermodynamically 
quite similar and result in certain characteristic alterations of the 
oils. Initially, both processes result in rapid loss of lower molecular 
weight n-alkanes, isoalkanes, cycloalkanes, and aromatics up to about 
C14 • Higher molecular weight material remains essentially unchanged 
during the early stages of weathering in seawater. After dissolution and 
evaporation effects begin to slow down, microbiological effects dominate. 
Microbial degradation affects compounds over a much wider boiling range. 
Hydrocarbons in the same homologous series are attacked at roughly the 
same rate; normal alkanes are degraded first, followed by isoalkanes, 
cycloalkanes and aromatics. During microbial degradation, the ratios of 
aliphatic/aromatic hydrocarbons would decrease as would the nC 17/pristane 
and nC1S/phytane ratios. The pristane/phytane ratios, the n-alkane 
range, and the n-alkane maximum would change very little, while the range 
of aromatic hydrocarbons might decrease slightly due to a small amount of 
further dissolution. Chemical degradation is not as well understood but 
appears to be the least important weathering process operating on the 
oils in seawater. 
Based upon the above discussion, we have interpreted the hydrocarbon 
data for the present study in the following manner: 
-Biogenic hydrocarbons 
high resolved/unresolved ratio 
low percent aromatics 
high pristane/phytane ratio 
high odd-even n-alkane preference 
n-alkane maximum at ~nC17 (marine origin) or ~nC29 
(terrestrial origin) 
narrow or bimodal n-alkane range 
-Fossil fuel hydrocarbons 
high percent unresolved 
high percent aromatic 
low pristane/phytane ratio 
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low odd-even n-alkane preference (i.e., presence of 
homologous series) 
broad n-alkane range 
diagnostic nC 17/pristane, nC 18/phytane, and pristane/ 
phytane ratios 
Since gas-liquid chromatography can not give unequivocable 
identification of polycyclic aromatic hydrocarbons (PAHs) by itself, 
selected samples were analyzed by combined high resolution gas chromato-
graphy-mass spectrometry (GCMS). Analytical sensitivity was about 1 ng 
per component. Precision was determined to be ±20-30i. for quantitative 
GCMS results. PAH compounds analyzed by GCMS during this study included 
the parent aromatic compounds naphthalene, phenanthrene, pyrene, and 
benz(a)anthracene as well as their C1-C3 alkylated homologs (e1 = methyl 
substituted; C2 = dimethyl or ethyl substituted; C3 = trimethyl, 
methyl-ethyl, or propyl substituted). The sulfur containing aromatic 
compound dibenzothiophene was also analyzed due to its diagnostic 
presence in fossil fuels. The internal standards, 5 -androstane and 
o-terphenyl, were also monitored by quantitative GCMS to insure clear 
separation of Fl and F2 fractions. Mass fragmentography was used to 
isolate and identify the selected compounds based upon their 
characteristic fragmentation patterns (Youngblood and Blumer, 1975; 
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LaFlamme and Hites, 1978; Boehm and Fiest, 1980 a,b; Overton et al., 
1981). In addition, individual mass fragmentograms were compared to mass 
spectra of authentic standard compounds or National Bureau of Standards 
reference spectra to check for the presence of interfering ions. 
Polycyclic aromatic hydrocarbons (PAR) have routinely been used to 
differentiate suites of compounds having a petroleum source from those 
originating during combustion processes (Youngblood and Blumer 1975; 
LaFlamme and Hites, 1978; Hites et al., 1980; Sporstol et al., 1983). 
This differentiation is based upon the relationship between the parent 
aromatic compounds and their alkylated homologs. Under conditions of 
relatively low temperatures and slow heating, such as in petroleum 
formation, the alkylated homologs are formed in the greatest abundance. 
Under conditions of higher temperature and more rapid heating, such as 
during combustion, the alkylated homologs undergo thermal cracking, 
resulting in a greater abundance of the nonalkylated parent compounds. 
The expected phenanthrene and pyrene homolog distributions for these 
processes are shown in Fig. 3.1. Petroleum compounds (Fig. 3.1A) show a 
homolog maximum at C2 or C3 • Combustion processes (Fig. 3.1B) show a 
maximum at Co (i.e. the parent compounds). Naphthalene and benz(a)-
anthracene homologs have similar distributions, but dibenzothiophenes 
show a C2 maximum for both types of inputs (Sporstol et al., 1983). 
Thus, dibenzothiophene homologs may be used to indicate anthropogenic 
input, but cannot distinguish between petrogenic and pyrogenic sources. 
This approach can be simplified to get a general idea of inputs by 
examining the ratio of the parent (CO) compound to the sum of the 
alkylated homologs (C l + C2 + C3). If this ratio is »1, the indicated 
source is pyrogenic. If the ratio is « 1, the indicated source is 
petrogenic. 
Figure 3.1. 
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PAH alkyl homolog distributions for (A) petroleum 
(Phenanthrenes) and (B) combustion products (pyrenes). 
Phenanthrene and pyrene have been shown to have similar 
homolog distribution patterns for the above processes 
(Youngblood and Blumer, 1975; LaFlamme and Hites, 1980). 
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The underlying assumption in using this technique for distinguishing 
petrogenic from pyrogenic sources is that the trends in alkyl homolog 
distributions are not significantly altered by weathering or degradation 
processes. While several studies have utilized this technique 
(Youngblood and Blumer, 1975; LaFlamme and Hites, 1978; Lake et al., 
1979; Hites et al., 1980; Wakeham et al., 1980; Sporstol et al •• 1983; 
Boehm. 1983). the degree to which these compounds are altered in the 
environment is not clearly understood. Lake et al. (1979) and Sporstol 
et al •• (1983) have argued that members of a homologous series are 
weathered at approximately the same rate (e.g. the naphthalene series is 
more readily solubilized than the phenanthrenes or pyrenes) and that, 
while the abundance of all naphthalenes may decrease relative to other 
PAR series, the alkyl homolog distribution of naphthalenes is not 
significantly altered. Nonetheless. differential water solubility of 
alkylated homologs has been demonstrated (Boehm and Quinn, 1973; Sutton 
and Calder. 1974, 1975; Eganhouse and Calder. 1976). In addition, 
preferential microbial degradation of aklylated aromatics is also 
feasible. If these modification mechanisms are small, the measured 
homolog distribution patterns would give a clear indication of PAH source 
material. Until these mechanisms are more clearly understood, however. 
we can only use this type of data to indirectly infer PAH sources. 
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CHAPTER 8. RESULTS AND DISCUSSION 
Intercalibration 
GC intercalibration results (Table 3.2) indicate good agreement 
between USF and Mote Marine Laboratory for South Louisiana Crude Oil, 
Kuwait Crude Oil, and Tarball NNQ-507. Agreement in aliphatic components 
for these samples was generally within ±10%. Results for the 
Hillsborough River sediment extract were not as good. The main 
discrepancies for this sample are be~ieved to results from the uncertain-
ty in the measured pristane values. Concentrations of n-alkanes, as well 
as pristane and phytane, were very low in this sample and difficult to 
quantify. Any errors measured in individual concentrations would be 
compounded in the component ratios. Despite disagreement in some of the 
ratios measured for the Hillsborough River sediment extract, the inter-
calibration results between the two laboratories were considered 
acceptable. 
GCMS results (Table 3.3) indicate good agreement between USF and 
Interscience, Inc. for selected aromatic components in most samples. 
Agreement in aromatic components was generally about 20-30%, a value 
similar to our analytical precision and acceptable for quantitative GCMS 
results. Plotting the alkylated homolog series for these samples 
(Figures 3.2-3.5) confirms the good agreement between the two 
laboratories. Aromatic components were not detected by Inter-science, 
Inc. in the Kuwait Crude Oil sample, although the internal standard 
(o-terphenyl) was detected. It is believed that the sample provided to 
Interscience was too dilute for reasonable quantification. 
Table 3.2. GC intercalibration results between the University of South Florida Marine Science Department and Mote Marine 
Laboratory for Fl (saturated) hydrocarbon fractions. 
Fl Parameter 
n-alkane n-alkane 
SamEle Lab 17/Pr IB/Ph~ 17/1B Pr/Ph~ range maximum cpr res/unres 
South Louisiana USF (n=9) 1.2 ± 0.1 1.9 ± 0.1 1.1 ± 0.1 1.B ± 0.2 < nC 13->nC35 nC 15 1.0 ± 0.1 0.3 ± 0.0 Crude Oil 
Mote (n=4) 1.3 ± 0.0 2.0 ± 0.0 1.0 ± 0.0 1.6 ± 0.0 <nC 13->nC30 nC 14 1.0 ± 0.0 0.3 ± 0.0 
Tarball NNQ-507 USF (n=l) 1 1.9 ± 0.1 1.6 ± 0.1 O.B ± 0.1 O.B ± 0.2 nC 12- nC36 nC 1B , nC32 O.B ± 0.1 0.9 ± 0.0 
Hote (n=4) 2.4 ± 0.0 1.6 ± 0.0 0.9 ± 0.0 0.6 ± 0.1 nC 12->nC34 nC 1B , nC32 0.9 ± 0.0 0.4 ± 0.0 
Kuwait Crude Oil USF (n=3) 4.9 ± 0.2 2.7 ± 0.0 1.1 ± 0.1 0.6 ± 0.0 nC 13->nC35 nC17 1.1 ± 0.1 0.4 ± 0.0 
Mote (n=3) 6.6 ± 0.1 2.5 ± 0.0 1.0 ± 0.1 0.4 ± 0.0 nC 13->nC34 nC16 1.0 ± 0.0 0.4 ± 0.0 
1 4.5 ± 0.4 9.3 ± 0.5 0.1 ± 0.0 0.2 ± 0.1 0.1 ± 0.0 Hillsborough River USF (n=2) nC 13nC32 nC 16 0.2 ± 0.0 Sedjment Extract 
Hote (n=3) 0.5 ± 0.0 5.9 ± 0.1 0.1 ± 0.1 1.3 ± 0.1 n.d. 2 n.d. n.d. <0.1 ± 0.0 
1 2Standard deviations estimated from South Loujsiana Crude Oil runs (n=9) 
n.d. = not determined 
I-' 
I-' 
00 
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Table 3.3. GCMS intercalibration results between the University of South Florida Mari ne 
Science Department and Interscience, Inc. for F2 (unsaturated/aromatic) 
hydrocarbon fractions. 
SLC01 KC0 2 Tarba11 3 Sediment4 
Comnound USF 
. 
INT USF INT USF INT USF INT 
N 0.03 0.04 0.00 * 0.00 0.00 0.0 0.0 
C1N 0.12 0.12 0.04 * 0.00 0.00 0.0 0.0 
C2N 1.00 0.80 0.36 * 0.21 0.00 0.0 0.0 
C3N 1.00 1.00 1.00 * 1.00 1.00 0.2 0.0 
P 0.14 0.04 0.00 * 0.05 0.02 0.5 0.5 
C1P 0.38 0.25 0.49 * 0.20 0.10 1.4 0.6 
C2P 1.00 1.00 1.00 * 0.92 0.87 1.3 1.7 
C3P 0.47 0.89 0.72 * 1.00 1.00 1.5 1.0 
Py 0 0 0 * 0.10 0.01 0.6 1.7 
cl Py 0 0 0 * 0.15 0.03 0.5 0.6 
C2py 0 0 0 * 0.96 0.50 0 0 
C3Py 0 a 0 * 1.00 1.00 0 0 
BaA 0 0 0 * 0.02 0.15 0 0 
C1BaA 0 0 0 * 0.59 1.00 0 0 
C2BaA 0 0 0 * 
1.00 0.81 0 0 
C3BaA 0 0 
0 * 0.96 0.80 0 0 
TOTAL (ll g/ g) 6.1 6.0 
1SLCO = South Louisiana Cruide Oil. Concentrations relative to most abundant homolog in 
series. 
2KCO = Kuwait Crude Oil. Concentrations relative to most abundant homolog in series. 
34arball NNQ-507 from Mustang Island Beach, Texas. Concentrations relative to mO~r abundant 
Sediment from Hillsborough River (Station 12). Absolute concentrations in).J g g • 
USF =University of South Florida, Department of Marine Science. 
INT = Interscience, Inc., Tampa, Florida 33607. 
N = Naphthalene 
P = Phenanthrene 
Py = Pyrene 
BaA = Benz(a)anthracene 
C , C2 ' C1 = alkylated homolog series. *~o aromatic hydrocarbons were detected in thjs sample. 
Figure 3.2. 
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PAHalkyl homolog distributions in South Louisiana Crude 
Oil analyzed as part of intercalibration study. USF = 
University of South Florida results. INT = Interscience, 
Inc. results. 
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PAR alkyl homolog distributions in Kuwait Crude Oil 
analyzed as part of intercalibration study. USF = 
University of South Florida results. INT = Interscience, 
Inc. results. 
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PAR alkyl homolog distributions in Tarball NNQ-507 
analyzed as part of intercalibration study. USF = 
University of South Florida results. INT = Interscience, 
Inc. results. 
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PAH alkyl homolog distributions in Hillsborough River 
sediment analyzed as part of intercalibration study. USF 
= University of South Florida results. INT = Interscience, 
Inc. results. 
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Based upon results of the intercalibration exercise, it was 
concluded that hydrocarbon results obtained during this study met project 
standards. 
Hydrocarbon Distributions 
Sediments 
For purposes of this discussion, the Tampa Bay estuary has been 
divided into the following eight geographic zones: 
(1) Old Tampa Bay 
(2) Hillsborough Bay (including McKay Bay, Hillsborough 
River, and Alafia River) 
(3) Middle Tampa Bay (including Little ~~natee River, 
Cockroach Bay, Bayboro Harbor, and Vinoy Basin) 
(4) Lower Tampa Bay 
(5) Boca Ciega Bay 
(6) Terra Ceia Bay 
(7) Manatee River 
(8) Anna Maria Sound 
All sedimentary GC and GCMS hydrocarbon data from these areas has been 
summarized in Tables 3.4-3.6 and Figures 3.6-3.8. 
Old Tampa Bay 
Total Hydrocarbons (THC) in surface sediments of Old Tampa Bay 
ranged from 1.7 to 109.4 ~g/g dry weight (~18.6 ~g/g; Table 3.4). With 
the exception of two stations (Stations 114 and 120), all total 
hydrocarbon concentrations were ~20 ~g/g (e.g. 11 out of 13 stations). 
Nearly all stations with low «20 ~g/g) hydrocarbon concentrations were 
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Table 3.4. Total lipid, aliphatic (Fl), aromatic + olefinic (F2), and total (Fl+F2) 
hydrocarbons (dry weight basis) in sediments collected in the Tampa Bay 
estuary. Three digit station numbers and station numbers ending with "B" 
represent Year 2 data. All other data are from Year 1. 
Geographic Lipid Fl F2 Total He 
Location Station (mg/g) (Ug/g) ( Ug/g) (Ug/g) 
Old Tampa Bay 1 (0-5cm) 0.1 5.0 4.3 9.3 
1 (l00-105cm) 0.2 < 0.1 < 0.1 <0.1 
1 (l55-161cm) 0.1 < 0.1 13.0 13.0 
IB 1.6 11.3 0.1 11.4 
2 < 0.1 12.8 2.9 15.7 
3 0.2 6.0 5.0 11.0 
4 < 0.1 3.3 5.7 9.0 
4B 0 . 1 2.2 0.9 3.1 
6 < 0.1 1.4 6.4 7.8 
7 0.1 12.3 1.9 14.2 
8 0.1 5.1 1.1 6.2 
8B 0.1 1.7 < 0.1 1.7 
9 < 0.1 8.3 2.8 11.1 
114 0.3 71.2 38.2 109.4 
120 0.9 9.9 22.3 32.2 
Hillsborough Bay 10 2.5 14.8 3.4 18.2 
lOB 3.2 12.0 19.7 31.7 
11 0.3 4.6 2.0 6.6 
11B 0.6 31.0 2.4 33.4 
12 2.2 137.0 * >137.0 
12B 0.6 322.9 36.4 359.3 
13 0.5 2.9 8.7 11.6 
13B 0.1 1.7 0.5 2.2 
14 0.3 7.3 27.7 35.0 
15 1.6 32.0 20.2 52.2 
15B 0.8 38.3 3.0 41.3 
16 3.1 12.3 198.7 211. 0 
17(0-5cm) 2.1 36.6 40.3 76.9 
17 (l00-105cm) 0.1 0.3 4.0 4.3 
17 (200-205cm) 0.1 0.1 0.1 0.1 
17(225-231cm) 0.3 0.1 8.5 8.5 
18 0.1 5.4 2.4 7.8 
19 0.1 2.7 8.7 11.4 
20 0.1 1.1 12.8 13.9 
20B 0.5 14.6 2.9 17.5 
21 < 0.1 5.8 35.1 40.9 
21B 0.1 5.6 32.1 37.7 
22 0.1 3.1 6.8 9.9 
22B 0.6 15.9 1.5 17.4 
23 0.1 3.8 1.2 5.0 
101 6.1 9.8 5.5 15.4 
102 2.1 2.2 2.4 4 . 6 
109 2.1 27.8 5.0 32.8 
110 1.1 12.9 5.6 18.5 
115 3.1 14.9 29.8 44 .7 
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Table 3.4 Cont'd 
Page 2 
Geographic Lipid F1 F2 Total HC 
Location Station (mg/g) ( )1g/g) ( ~g/g) Cug/g) 
Middle Tampa Bay 24 0-.1 3.4 4.2 7.6 
25 0.4 5.6 1.8 7. 4 
26 0.8 14.8 6.8 21.6 
26B 0.2 3.1 2.3 5.4 
27 0.1 0.9 9.5 10.4 
28 0.5 3.8 3.0 6.8 
28B 0.4 22.4 5.0 27.4 
29 <0.1 2.0 0.3 2.3 
31 4.2 99.8 222.0 321.8 
32 0.3 5.4 17 . 3 22.7 
103 1.5 102.2 45.4 147.6 
104 0.3 25.5 2.1 27.6 
105 0.2 3.6 1.6 5.2 
106 0.1 2.3 0.2 2.5 
106B 1.0 25 . 6 10 . 5 36.1 
107 0.9 12.8 7.0 19.8 
108 0.4 7. 9 1.5 9.4 
III 0.4 13 .2 10.3 23.5 
116 0.3 6.9 2.4 9.3 
117 0.7 26.2 3.7 29.9 
Lower Tampa Bay 33 0.1 11.6 0.8 12.4 
34 0.2 3.7 <0.1 3.7 
35 0.7 < 0.1 0.4 0.4 
35B 0.1 4.4 0.6 5.0 
36 0.1 2.7 7.5 10.2 
37 0.5 2.8 8.8 11.6 
38 0.2 3.9 2. 2 6.1 
39 0.1 4.5 16.3 20.8 
40 0.3 0.5 1.5 2 .0 
41 (0-5cm) 0.1 5.1 <0.1 5.1 
41 (l00-105cm) 0.2 < 0.1 <0.1 <0.1 
41 (l72-177cm) < 0.1 2.0 0.5 2.5 
41B < 0.1 0.3 <0.1 0.3 
Boca Ciega Bay 42 0.3 1.3 1.7 3.0 
43 0.3 13.9 3.8 17.7 
43B 1.0 5.3 4.1 9.4 
44 0.1 1.1 4.5 5.6 
45 < 0.1 2.1 8.1 10.2 
45B 0.4 3.7 0.9 4.6 
46 0.1 2.9 14.4 17.3 
46B 0.1 0.4 <0.1 0.4 
47 0.5 4.6 12.1 16.7 
48 < 0.1 2.6 <0.1 2 .6 
49 3.5 19.3 32.0 51.3 
112 2.4 76.6 12.3 88.9 
113 0.6 8.7 <0.1 8.7 
118 3.6 98.3 144.5 242.8 
119 2.0 195.2 98.8 294 . 0 
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Table 3.4 Cont'd 
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Geographic Lipid F1 F2 Total HC 
Location Station (mg/ g) (}l$/ g) (\1 g/ g) ( \1~/ g) 
Terra Ceia Bay 50 0.1 2.6 12.5 15.1 
50B 0.1 1.9 0.8 2.7 
51 0.2 4.3 3.1 7.4 
Manatee River 52 0.1 5.8 3.0 8.8 
52B 0.1 0.9 5.7 6.6 
53 0.1 10.2 B.5 18.7 
54 <0.1 5.5 4.1 9.6 
54B 0.3 24.5 1.0 25.0 
55 0.1 5.2 B.1 13.3 
56 0.2 17.3 1.2 18.5 
56B 0.8 17.1 1.8 18.9 
Anna Maria Sound 57 0.1 0.9 4.6 5.5 
57B 0.1 1.4 0.3 1.7 
* = sample lost during work up. 
Table 3.S. Aliphatic (F1) hydrocarbon parameters mea·sured in sediments of the Tampa Bay estuary. Three digit station numbers 
and station numbers ending with "B" represent Year 2 data. All other data are from Year 1. (CPI = Carbon 
Preference Index). 
Geographic Resolved Eristane nC l7 nC 1B nC 29 n-alkane 
Location Station Unresolved phytane pristane phytane nC 17 maximum CPI 
Old Tampa Bay 1 (O-Scm) 1.7 6.6 B.4 24.6 < 0.1 C17 ND 
1 (l00-10Scm) 3.1 ND ND ND ND C27 ND 
1(lSS-161cm) 7.B ND ND ND ND C27 ND 
1B 0.7 ND ND ND 1.3 C31 6.1 
2 1.6 ND ND ND 0.4 C17 ND 
3 1.1 4.1 loS 12.1 0.4 C1B S.2 
4 1.2 1.7 ND B.4 3.0 C2S 4.2 
4B loB ND ND ND ND C21 27.6 
6 2.1 ND ND ND ND C19 ND 
7 0.4 0.2 B.1 ND 1.7 C31,C27 ND 
B 3.0 B.6 ND ND ND prist ND 
BB 1.7 ND ND ND ND C21 ND 
9 1.7 l.B 6.3 ND 0.1 C1S,C29 ND 
114 0.3 ND ND ND ND C31 3.3 
120 0.6 ND 6.0 ND lS.2 C27 12.B 
Hillsborough Bay 10 0.4 1.2 11.3 1.7 loS Cl7 ,C31 1.6 
lOB 0.1 ND ND ND 0.7 C17 4.3 
11 0.7 1.2 B.B 1.0 2S.0 C31 0.9 
11B 0.1 ND ND ND 1.3 C31 9.4 
12 0.1 0.2 6.B 0.3 3.6 C29 1.6 
12B 0.3 0.7 ND l.B ND C23 1.3 
13 0.3 1.9 0.7 ND ND C21 ND 
l3B 0.1 ND NO NO ND C31 NO 
14 0.2 1.9 I.S NO 4.3 C31 I.S 
IS 0.3 NO NO 1.1 NO C23 2.2 
ISB 0.1 1.3 0.7 0.3 6.4 C21 4.7 
16 O.B ND NO 0.3 2.1 C29 NO I-' W 
N 
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Geographic Resolved eristane nC 17 nC 1B nC 29 n-alkane 
Location Station Unresolved phytane pristane phytane nC17 maximum cpr 
17 (l00-105cm) 4.0 ND ND ND ND C29 ND 
17(200-205cm) O.B ND ND ND IB.5 C31 IB.l 
17(225-231cm) 2.0 ND ND ND 13.9 C29 ND 
18 0.4 0.7 7.5 0.9 3.1 C31 3.1 
19 0.4 0.6 5.4 0.7 3.9 C31 5.4 
20 3.5 ND ND ND ND C25,C27 2.5 
20B 0.2 0.3 3.6 0.7 1.8 C31 1.3 
21B 0.5 ND ND ND ND C31 13.5 
22 0.9 ND ND 0.9 3.2 C27 5.0 
22B 0.3 ND ND ND 3.5 C31 5.7 
23 1.3 0.9 2.1 ND 46.8 C27,C31 1.7 
101 0.2 0.3 2.3 ND 16.0 C27 2.B 
102 0.2 0.8 ND ND ND C31 ND 
109 0.2 2.8 ND 2.1 ND C31 B.9 
110 0.6 ND ND ND ND C31 3.1 
115 0.3 3.6 ND ND ND C31 2.2 
t1iddle Tampa Bay 24 1.9 ND ND ND ND C19 ND 
25 0.5 ND ND ND ND C29 2.1 
26 1.4 1.2 5.6 0.7 6.0 C29 9.1 
26B 1.0 ND ND ND 13.8 C31 ND 
28 2.0 ND ND ND 19.0 C29 ND 
2BB 0.3 ND 5.7 ND 3.9 C21 0.7 
29 1.3 0.8 2.4 2.5 7.5 C32 0.8 
31 2.5 0.5 3.B 3.0 253.0 C31 ND 
32 1.9 ND ND 28.3 4.0 C29 1.4 
103 0.1 1.3 0.2 0.2 24.7 C21 0.8 
104 0.4 1.1 0.8 1.5 2.1 C31 0.5 
f-' 
w 
W 
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Geographic Resolved Eristane nC 17 nC 18 nC 29 n-alkane 
Location Station Unresolved phytane pristane phytane nC 17 maximum cpr 
105 0.3 NO NO NO 1.8 C31 4.5 
106 NO 4.1 NO 1.2 NO C32 2.4 
107 0.2 0.0 1.6 1.0 12.4 C31 10.4 
108 0.3 1.6 0.3 NO 29.4 C21 7.4 
111 0.6 0.2 13.5 NO 2.0 C31 10.6 
116 0.5 0.6 4.1 0.6 1.3 C29 3.0 
117 0.2 1.9 NO 1.5 NO C31 1.9 
Lower Tampa Bay 33 0.9 1.7 2.7 0.8 9.4 C31 0.6 
34 1.2 NO NO NO NO C26 NO 
35 4.8 NO NO NO NO NO NO 
35B 1.2 NO NO NO NO C31 4.9 
36 1.7 12.9 10.8 3.3 0.2 C17 9.4 
37 4.9 2.1 9.4 NO NO C17 1.4 
38 0.5 0.7 5.6 NO 1.8 C27 NO 
39 1.3 NO NO NO NO C17 NO 
41 (0-5cm) 0.9 0.5 2.0 0.9 9.1 C25.C27 1.5 
41 (100-105cm) 5.2 NO NO NO NO C27 NO 
41 (1 72-177cm) 1.4 ND NO NO NO C23.C25 1.2 
41B 0.3 NO NO NO NO C25 NO 
Boca Ciega Bay 42 0.7 0.5 1.9 0.7 5.2 C31 5.8 
43 1.1 1.4 21.0 1.3 0.8 C31 2.7 
43B 0.7 NO 24.6 NO 0.9 C31 4.6 
44 1.1 NO NO NO NO C17 NO 
45 2.1 NO NO NO 1.8 C31.C27 6.2 
45B 0.8 NO NO NO 2.1 C21.C31 10.2 
46 1.3 NO NO NO 1.2 C26 0.3 
46B 0.5 NO NO NO NO C21 NO I-' w 
47 4.6 0.4 115.0 0.7 0.3 C17.C31 10.4 ~ 
Table 3.5 Cont'd 
Page 4 
Geographic Resolved Eristane 
Location Station Unresolved phytane 
48 6.1 ND 
49 2.3 0.8 
112 0.2 0.5 
113 0.9 ND 
118 0.1 0.5 
119 0.2 0.2 
Terra Ceia Bay 50 1.4 1.0 
SOB 0.9 0.2 
51 1.0 1.0 
Hanatee River 52 7.1 ND 
52B 0.6 ND 
53 1.9 ND 
54 1.1 ND 
54B 0.3 0.6 
55 0.3 ND 
56 0.3 ND 
56B 0.1 ND 
Anna Maria Sound 57 2.8 0.8 
57B 1.2 ND 
*ND Not Determined due to absence of required parameter. 
nC 17 nC 18 
pristane phytane 
5.0 ND 
27.1 ND 
3.8 ND 
ND ND 
6.1 ND 
0.6 0.4 
4.9 ND 
59.4 ND 
5.0 0.9 
ND ND 
ND ND 
ND ND 
ND ND 
7.8 3.0 
4.1 ND 
44.1 ND 
ND ND 
51.1 0.8 
ND ND 
nC 29 n-alkane 
nC ll maximum 
ND C17 
2.1 C29 
3.4 C31 
17.1 C31 
2.8 C31 
1.5 C31 
0.4 C21,C17 
0 . 4 C21 
5.5 C31 
ND C25 
ND C31 
8.4 C28,C29 
ND C22 
2.9 C31 
3.5 C31 
6.0 C31 
11.7 C29 
0.2 C17 
0.8 C17,C29 
cpr 
ND 
6.9 
5.7 
1.8 
4.9 
3.8 
0.8 
6.6 
11.3 
ND 
ND 
2.6 
ND 
3.7 
7.7 
11.3 
8.5 
8.5 
ND 
...... 
Lv 
1I1 
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Table 3.6. Combined gas chromatography-mass spectrometry results of sedimentary aromat i c (F2) 
hydrocarbons. SIM = sum of all monitored PAH compounds. CO' C1 ' C2 and C3 refer to the alkylated homologs (see text). Naph = Naphthalene, Pfien = Phenanthrenes, 
Pyr = Pyrenes, B(a)A = Benz(a)anthracenes, n.d. = none detected. No PAH compounds 
were detected in water or organism samples. 
Station 
1 
4 
9 
10 
lOB 
llB 
12 
12B 
14 
19 
21 
21B 
22 
27 
29 
41 
43 
47 
54 
56 
103 
III 
114 
115 
11B 
119 
SIM 
()Jg/ g) 
n.d. 
n.d. 
n.d. 
2.B 
11.6 
1.5 
6.1 
11.6 
3.0 
n.d. 
n.d. 
16.4 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
0.3 
n.d. 
n.d. 
3.9 
n.d. 
7.9 
21.1 
17.4 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
< 0.1 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
0.3 
7.3 
0.1 
<0.1 
0.1 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
0.4 
n.d. 
n.d. 
1.0 
n.d. 
0.1 
0.2 
<0.1 
n.d. 
n.d. 
n.d. 
0.2 
1.8 
0.7 
0.4 
0.2 
0.2 
n.d. 
n.d. 
1.2 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
B.O 
n.d. 
0.6 
0.6 
0.4 
B(a)A 
Co 
n.d. 
n.d. 
n.d. 
0.6 
<0.1 
1.6 
n.d. 
0.1 
0.5 
n.d. 
n.d. 
0.1 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
3.B 
n.d. 
0.2 
0.3 
0.3 
Input 
n.d. 
n.d. 
n.d. 
petrogenic 
mixed 
mixed 
petrogenic 
petrogenic 
petrogenic 
n.d. 
n.d. 
mixed 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
mixed 
n.d. 
n.d. 
pyrogenic 
n.d. 
petrogenic 
petrogenic 
petrogenic 
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Concentrations ~g/g dry weight) of aliphatic (Fl) 
hydrocarbons in surface sediments of Tampa Bay estuary 
collected during Years 1 and 2 of study. Stations with 
hydrocarbon concentrations >40 ~g/g are highlighted in 
rectangles. 
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Concentrations ~g/g dry weight) of aromatic/olefinic 
(F2) hydrocarbons in surface sediments of Tampa Bay 
estuary collected during Years 1 and 2. Stations with 
hydrocarbon concentrations >40 ~g/g are highlighted in 
rectangles. 
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Concentrations Wg/g dry weight) of total (Fl&F2) 
hydrocarbons in surface sediments of Tampa Bay estuary 
collected during Years 1 and 2 of study. Stations with 
hydrocarbon concentrations >40 ~g/g are highlighted in 
rectangles. 
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dominated by hydrocarbons of predominantly biogenic origin. This 
conclusion is supported by the dominance of resolved peaks, the pristane/ 
phytane ratios, and strong CPI's (Table 3.5). Marine organisms (phyto-
plankton and bacteria) are primarily responsible for the biogenic inputs 
as witnessed by the n-alkane maximum around C17-C21 and low nC29 /nC17 
ratios. A representative chromatogram of these stations is shown in 
Figure 3.9 along with a representative chromatogram for a blank run 
during this study. Hydrocarbon levels at Station 1 remained relatively 
constant from the surface down to 161cm (Table 3.4). Thus there appears 
to be no recent enhancement of hydrocarbon inputs at this representative 
station. 
Two stations (114 and 120) in Old Tampa Bay had enhanced hydrocarbon 
concentrations in surface sediments. Station 120 had a total hydrocarbon 
concentration of 32.2 ~g/g (Table 3.4). This slightly elevated value was 
due primarily to an enhancement in aromatic/olefinic hydrocarbons (F2= 
22.3 ~g/g; Table 3.4, Figure 3.7). Unresolved compounds in the F1 
fraction of this sample also dominate, although the resolved F1 fraction 
shows a considerable terrestrial land plant input (n-alkane maximum 
C27; nC29/nC17 ratio = 15.2). The high unresolved contributions to the 
F1 and F2 hydrocarbon fractions at this station suggest that a petroleum 
input may be occurring (although the absolute amount of petroleum may 
only be low to moderate). Sediment from Station 120 was collected from 
the dock of a bait shop in a canal just west of Cruising World Yacht 
yard. Enhanced hydrocarbon inputs due to boat traffic in this area might 
thereJore be expected. 
Station 114 in Old Tampa Bay was located in a housing canal in 
Tampa. Total hydrocarbon concentration (109.4 ~g/g; Table 3.5, Figure 
Figure 3.9. 
144 
Representative gas chromatograms from (A) a blank run 
during this study, and (B) a surface sediment from Old 
Tampa Bay (Station 7). I.S. = internal standard. 
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3.8) was much higher than in other areas of Old Tampa Bay. The major 
hydrocarbon input into this sediment was in the F1 fraction (71.2 ~ g/g; 
Table 3.4, Figure 3.6) which was dominated by the unresolved complex 
mixture (UCM; Table 3.5). Resolved F1 components reflected a major land 
plant input based on an n-alkane maximum of nC31 and an nC 29 /nC17 ratio 
of 3.3. Although the total hydrocarbon concentration and presence of a 
dominating UCM suggests a local petroleum input, no PAR compounds were 
detected by GCMS (Table 3.6). This elevated value can be explained 
largely by the difference in grain size from other areas (such as Sta. 
120). Sediments at Station 114 are primarily clay (59.0%) and silt 
(29.17.) while those at Station 120 were primarily sand (93.8%). Several 
other studies have reported an inverse correlation between grain size and 
hydrocarbon content in marine sediments (Boehm and Quinn, 1978; Thompson 
and Eglinton, 1978; Boehm and Farrington, 1984; Boehm, 1985). 
Several of the other stations sampled in Old Tampa Bay were expected 
to contribute enhanced hydrocarbon inputs to sediments, for example: 
Station 4 located adjacent to the Howard Franklin Bridge, Station 8 
located just east of the Weedon Island power plant emission stacks, or 
Station 9 located just south of Misener Marine, a major shipping and ship 
repair facility in Tampa. Nonetheless, total hydrocarbon levels at all 
these sites were ~11 ~g/g, values similar to nonimpacted areas of Tampa 
Bay. Hence, with one or two exceptions, hydrocarbons do not appear to be 
accumulating in this portion of the Tampa Bay estuary. 
Hillsborough Bay 
Total hydrocarbon concentrations in Hillsborough Bay ranged from 2.2 
to 359.3 ~g/g dry weight (Table 3.4) with an average of 51.6 ~g/g, a 
value significantly higher than the average for Old Tampa Bay. 
Hillsborough Bay can be subdivided into four separate regions: 
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Hillsborough River, Alafia River, McKay Bay, and Hillsborough Bay proper. 
The average total hydrocarbon concentrations observed in each of these 
areas are as follows: Hillsborough River, x=75.0 ].1 g/g (range=2.2-359.3, 
n~8); Alafia River, i-27.5 ].1g/g (rangec 13.9-40.9, n=4); McKay Bay, 
x=10.0 ].1g/g (range=4.6-15.4, nc 2), Hillsborough Bay proper, x=43.4 ].1 g/g 
(rangeQ 5.0-211.0, n=13). Thus it can be seen that in most areas of 
Hillsborough Bay (with the exception of McKay Bay) elevated hydrocarbon 
levels are present. 
In the Hillsborough River, elevated THC levels were observed 
primarily at the mouth of the river where it discharges into Tampa Bay 
(Figure 3.8). This area is the industrialized urban core of the City of 
Tampa. The upper Hillsborough River (Stations 10 and 11) primarily drain 
undeveloped areas. Although slightly elevated hydrocarbon concentrations 
were observed in these areas at certain times (i.e. up to 33.4 ].1 g/g) 
these hydrocarbons were predominantly biogenic as witnessed by the 
n-alkane maximum at nC17 and the CPI of 4.3. The Lower Hillsborough 
River (Station 12) showed THC levels of >137 ].1g/g and 359.3 ].1 g/g for the 
two collection periods. These samples showed clear evidence of petroleum 
input~ as determined by GC and GCMS (Tables 3.5, 3.6). The F1 and F2 
chromatograms from Station 12 show a large UOf superimposed by a series 
of higher boiling n-alkanes with only a slight odd-carbon predominance 
(CPI=1.3, Table 3.5). This distribution does not resemble street runoff 
of used crankcase oil. Crankcase oil is characterized by nearly 100% of 
the THC being present as a UCM with very few resolved peaks (Brown et 
al., 1985). Alternatively, this observed distribution closely resembl es 
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a refined Bunker C (or #6) fuel oil. These oils are often used as heavy 
lubricating oils and may be associated with industrial discharges in 
downtown Tampa. 
In the Alafia River. total hydrocarbon levels are highest near the 
head of the river (Station 21) and decrease down river (Station 20; 
Figure 3.8). Aliphatic (F1) hydrocarbons in this area shown a small 
unresolved complex mixture overlain by several strong biogenic peaks 
(Figure 3.10A). The F2 (aromatic/olefinic) fraction shows no UCM with 
only biogenic peaks being present (Figure 3.10B). Hence it is likely 
that the UCM observed in the F1 fraction may originate from microbial 
alteration processes (Jobson. 1972; Farrington and Tripp. 1977) and that 
little petroleum contamination is indicated. These chromatograms are 
similar to those in the Upper Hillsborough River and suggest that most of 
the hydrocarbons in these parts of the two rivers are biogenically 
derived. 
Sediments from McKay Bay contained relatively low levels of hydro-
carbons compared to the other areas of Hillsborough Bay (i.e. 4-15 ~g/g. 
Table 3.4. Figure 3.5). Chromatograms indicated small amounts of 
petroleum inputs. with dominant contributions from terrestrial land 
plants (n-alkane maximum=nC27 • nC29 /nC17=16.0. CPI=2.8). Although 
industrial or storm runoff may be contributing hydrocarbons to this bay. 
the levels are significantly lower than in other areas of Hillsborough 
Bay. It is worth mentioning that of the two stations collected in McKay 
Bay. slightly higher concentrations were observed by a seawall near 
DeSoto Park (THC=15.4 ~g/g) while lower concentrations (THC=4.6 ~ g/g) 
were observed due east of the Tampa Bay shrimp docks. Apparently. the 
Figure 3.10. 
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Gas chromatograms from (A) the aliphatic (F1) fraction 
and (B) the aromatic/olefinic (F2) fraction of surface 
sediment collected in the Alafia River (Station 21). 
I.S. = internal standard. 
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shrimp trawlers are not producing a major hydrocarbon impact in this 
area. 
Although THC levels in Hillsborough Bay proper were quite variable, 
the highast levels always occurred in the upper part of Hillsborough Bay 
near Davis Island. This is an area of intense industrial activity. 
Among the industries located in this vicinity are the Tampa ship yard, 
several petrochemical storage facilities, and the Hookers Point municipal 
waste treatment plant. Previous work (Van Vleet and Reinhardt, 1984) 
suggested that the Hooker's Point treatment plant is not a major 
contributor of petroleum to this area. According to Wilkins (1983) and 
the Tampa Bay Regional Planning Council (TBRPC, 1983) nearly 300 other 
domestic wastewater treatment plants and industries may be discharging 
materials into Hillsborough Bay. These inputs may be responsible for the 
enhanced hydrocarbon levels observed in Upper Hillsborough Bay. In Lower 
Hillsborough Bay, THC values averaged 11.7 ~g/g. In Upper Hillsborough 
Bay proper THC values averaged 70.5 ~g/g. Total hydrocarbon levels at 
Station 17 decreased rapidly in the sediments from a value of 76.9 ~g/g 
near the surface to a value 4.3 ~g/g at 100cm (Table 3.4). The levels in 
this core then remained fairly constant with depth. This trend indicates 
an enhanced hydrocarbon input in recent years. A representative 
chromatogram shown for Station 17 (Figure 3.11A) characterizes either 
used crankcase oil or a highly degraded heavy lubricating oil (such as #6 
or Bunker C). Thus it appears that street runoff and/or industrial 
di~charges from the urbanized Tampa area, are responsible fo~ ~he high 
levels of total hydrocarbons observed in sediments from th~s ~rea. 
Figure 3.11. 
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Gas chromatograms of Fl hydrocarbon fractions of surface 
sediments from (A) upper Hillsborough Bay (Station 17), 
(B) Little Manatee River (Station 31), and (C) Lower 
Tampa Bay (Station 40). 
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Middle Tampa Bay 
Hydrocarbon concentrations in sediments from Middle Tampa Bay ranged 
from 2.3 to 321.8 ~ gig dry weight (x=37.2].1 gig; Table 3.4). With the 
exception of two stations (Stations 31 and 103), all sedimentary hydro-
carbon values were ~36.1 ].1 gig. The average THC value for these 18 out of 
the 20 stations in Middle Tampa Bay was 15.3 ].1g/g. Hence most of the 
hydrocarbon levels in Middle Tampa Bay were substantially lower than in 
Upper Hillsborough Bay or at the mouth of the Hillsborough River. Middle 
Tampa Bay can be subdivided into several separate environments including 
the Little Manatee River, Cockroach Bay, Bayboro Harbor, the Vinoy Basin 
and open Middle Tampa Bay. 
Sedimentary hydrocarbons in the Little Manatee River ranged from 2.3 
to 321.8].1g/g (Figure 3.8). The highest value was found in an 
undeveloped camping area (Camp Bayou) at the head of the River. 
Chromatograms of the Fl (aliphatic) fractions clearly show a major input 
of biogenic origin (Figure lIB). No petroleum contamination was observed 
in the Little Manatee River. 
The only sample collected in Cockroach Bay had a THC value of 22.7 ].1 g/ g 
dry weight and was dominated by biogenic inputs. It therefore appears 
that in undeveloped areas such as at the heads of rivers and 
semi-enclosed coastal environments along Tampa Bay~ hydrocarbon inputs 
are essentially completely dominated by biogenic components and show 
little evidence of petroleum contamination. 
Two stations were collected in Bayboro Harbor (Stations 103 and 
104). These stations contained THC levels of 147.6 and 27.6 ].1g/g dry 
weight respectively (Table 3.4). Station 103 is located near the 
interior of Bayboro Harbor where circulation is somewhat restricted 
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(Figure 3.8). Station 104 is located near the mouth of Bayboro Harbor 
and is subjected to much greater circulation exchange with open Tampa 
Bay. Hydrocarbon levels were higher in the interior of Bayboro Harbor. 
The gas chromatogram of Fl hydrocarbons from Station 103 shows a complete 
dominance by the unresolved complex mixture and a CPI of 0.8. These 
parameters indicate a petroleum source for these hydrocarbons, although 
no PAH's were determined by GCMS (Table 3.6) indicating that the ITCM may 
originate from microbial sources. Station 104 also shows a dominance by 
the UCM (albeit not as strong as at for Station 103) and a CPI of 0.5. 
Again, these parameters suggest a petroleum origin. These two stations 
are both located by shipping or boating facilities. Station 103 is 
located by the USF floating boat dock while Station 104 is located by the 
launching ramp at the U.S. Coast Guard Station. ~~ile neither of these 
facilities would be expected to contribute major quantities of hydro-
carbons, restricted circulation may act to enhance preservation of these 
compounds relative to more open environments in Tampa Bay. An alternate 
source of hydrocarbons at Station 103 may be from stormwater runoff of 
Interstate Highway 275 although this source is also deemed unlikely at 
this station (Van Vleet and Reinhardt, 1983). 
Three samples were taken in Vinoy Basin, an area of small boat 
anchorages located in downtown St. Petersburg. Hydrocarbon levels at 
Stations 105 and 106 (Station 106 taken in duplicate) were 5.2, 2.5, and 
36.1 ~g/g. The two duplicate values taken at Station 106 indicated that 
hydrocarbon distribution is very patchy and may vary by an order of 
magnitude over a small horizontal distance. Stations 105 and 106 both 
showed evidence of small amounts of petroleum contamination. Each area 
was dominated by a UCM in the saturated (Fl) fraction, but was overlain 
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by a fairly strong biogenic signal (Cpr 2.4-4.5; Table 3.5). Although 
hydrocarbons in this area may result from street runoff of leaked 
crankcase oil deposited on the roads, inputs of engine oils from local 
boaters cannot be ruled out. In general, however, the hydrocarbon levels 
in Vinoy Basin appear to be much lower than in the more highly impacted 
areas of Tampa Bay. 
As evidence of the small impact that private boats may have on 
sedimentary hydrocarbon levels in Tampa Bay, it can be seen that THe 
levels adjacent to the St. Petersburg munic~pal Marina boat ram~ wer~ 
only 9.3 ~g/g. This is the largest Marina in St. Petersburg but does not 
elevated sedimentary hydrocarbon levels. Gas chromatograms are similar 
to those in Vinoy Basin, suggesting a low level petroleum contribution 
accompanied by substantial biogenic inputs. 
Two stations (107 and 108) were sampled for sedimentary hydrocarbons 
in Coffee Pot Bayou, a residential area with limited private boating 
activity. Both of these stations had total hydrocarbon concentrations 
<20 ~g/g (Table 3.4, Figure 3.8). Strong odd carbon preference and the 
dominance of terrestrial land plant alkanes (Table 3.5) indicated that 
this bayou has not been substantially impacted by petroleum hydrocarbons. 
High unresolved components in the FI fraction may either indicate limited 
petrogenic input or, more likely, substantial microbial activity in the 
sediments. A sample taken in a predominantly residential area near 
Coquina Key (Station Ill) had only slightly higher THC levels (i.e. 23.5 
~g/g) even though the sediment was collected directly adjacent to a group 
of boat docks serving a large apartment complex on the island of Coquina 
Key. The qualitative distribution of hydrocarbons was similar to those 
observed in Coffee Pot Bayou. 
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Eight sediment samples were collected in open Middle Tampa Ba¥ 
(Stations 24-28 and 117; Table 3.4, Figure 3.8). These stations averaged 
14.6 ~g/g dry weight and ranged from 5.4 to 29.9 ~g/g. Hence the THC 
levels in Middle Tampa Bay were similar to those in other areas of the 
Bay with the exception of the Lower Hillsborough River and Upper Hills-
borough Bay. Qualitatively, these hydrocarbons were similar to the 
others in that they had a significant biogenic contribution superimposed 
upon a small petroleum contribution or a microbial hydrocarbon assem-
blage. 
Lower Tampa Bay 
Hydrocarbons in Lower Tampa Bay averaged 7.1 ~g/g with a range of 
0.3 to 20.8 ~g/g (n=ll) and showed no apparent decrease with depth (Table 
3.4). The qualitative distribution of hydrocarbons was similar to 
sediments from Upper Tampa Bay, i.e. low levels of biogenic, microbial, 
and petroleum contributions. Petroleum contamination does not appear to 
be substantial in Lower Tampa Bay. A characteristic gas chromatogram of 
the F1 hydrocarbon fraction from this area is shown in Figure 3.11C. 
Boca Ciega Bay 
Fifteen surface sediments were collected in Boca Ciega Bay during 
the study. Several of these samples were from the open bay; others were 
from marinas and housing canals. Samples taken in open Boca Ciega Bay 
(Stations 42-49; n=ll) averaged 12.6 ~g/g. Only one of these stations 
(Station 49) contained hydrocarbons in excess of 20 ~g/g. All others 
were ~17.7 ~g/g. The four stations collected in marinas or housing 
canals (Stations 112, 113, 118, 119) averaged 158.6 ~g/g with a range of 
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8.7 to 294.0 ~g/g (Table 3.4). Hydrocarbons in open Boca Ciega Bay 
resembled hydrocarbon assemblages in other unimpacted parts_ Qf Tampa Bay. 
Station 49 (THC=51.3 ~g/g contained primarily biogenic hydrocarbons with 
no evidence of any petroleum input. The location of Station 49 is 
situated between the northern edge of the western Skyway Bridge causeway 
and Pinellas Point. Water circulation in this area is restricted due to 
the orientation of the causeway, thereby enhancing organic matter 
deposition in this area. Grain size analysis at this station indicated a 
high abundance of fine grained clays. The enhanced hydrocarbon levels at 
this station probably result from the accumulation of these fine grained 
sediments. 
Alternatively, three of the stations from marinas and housing canals 
show substantial petrogenic hydrocarbon inputs. Station 118 was taken 
from the end of the gas dock at Gulfport Marina. Hydrocarbons from this 
station (Figure 3.12A) show the large UCM characteristic of a refined 
heavy oil. Total hydrocarbon levels at this station were 242.8 ~g/g. 
Station 119 was taken at the Florida Sport Fishing Center in Madeira 
Beach. Total hydrocarbon levels at this station were 294.0 ~ g/g. Gas 
chromatograms at this station, however showed a bimodal hydrocarbon 
distribution (Figures 3.12B, and C) indicating a mixture of light and 
heavy refined oils being deposited in the sediments at this station. 
These results were confirmed by GCMS (Table 3.6). Clearly, these 
sediments are being impacted by oil discharged in the area. 
Terra Ceia Bay 
Three surface sediment samples were collected from Terra Ceia Bay 
(Table 3.4), an area surrounded by agricultural and limited residential 
Figure 3.12. 
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Gas chromatograms of (A) F1 hydrocarbons from surface 
sediments collected at Gulfport Marina (Station 118), (B) 
F1 hydrocarbons from surface sediments collected at 
Florida Sport Fishing Center (Station 119), and (C) F2 
hydrocarbons from surface sediments collected at Florida 
Sport Fishing Center (Station 119). I.S. = internal 
standard. 
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properties. THC concentrations in this area averaged 8.4 ~g/g with a 
range of 2.7 to 15.1 ~g/g. These levels were similar to those found in 
Lower Tampa Bay. No evidence of substantial petroleum contamination was 
observed in Terra Ceia Bay. 
Manatee River 
Eight surface sediments were collected from the Manatee River during 
the study. Total hydrocarbon concentrations ranged from 6.6 to 25.0 ~ g/g 
with an average of 14.9 ~g/g. THC levels appeared to decrease slightly 
going down the river. Concentrations of hydrocarbons at the mouth of the 
river for the two years were 8.8 and 6.6 ~g/g, values similar to those 
found in the rest of Lower Tampa Bay. There was little evidence of 
hydrocarbon contamination in these sediments, with the major contribut i on 
being biogenic. Evidence of microbial input to these sediments was 
apparent by the presence of a UCM in most surface sediments . 
Anna Maria Sound 
One station in Anna Maria Sound was sampled during each of the two 
years of the study. THC levels at this stations for the two years were 
5.5 and 1.7 gig respectively. No evidence of petroleum contamination 
was observed. 
Organisms 
Due to the absence of organisms at several stations, zones were 
established throughout Tampa Bay for the collection of organisms. 
Results of hydrocarbon and lipid analyses on all organi sms analyzed are 
reported in Table 3.7. Four species of marine organisms were analyz ed: 
Table 3.7. Total lipid, aliphatic (F1), aromatic + olefinic (F2), and total (F1+F2) hydrocarbons (wet weight 
basis) in selected organisms collected in the Tampa Bay estuary. Zone numbers ending with "B" 
represent Year 2 data. All other data are from Year 1. 
Geographic Lipid F1 F2 Total HC 
Zone Location Organism (mg/g) fu gig) (llg/g) ell gig) 
1 Upper Old Tampa Bay Oyster 23.6 35.0 8.7 43.7 
2 Middle Old Tampa Bay Oyster 4.7 <0.1 1.2 1.2 
3 Lower Old Tampa Bay Oyster 6.4 16.9 4.1 21.0 
4 Upper Tampa Bay Proper Oyster 40.1 <0.1 20.1 20.1 
4B Upper Tampa Bay Proper Oyster 0.8 0.3 0.7 1.0 
4B Upper Tampa Bay Proper Oyster 1.6 4.4 0.5 4.9 
5 Middle Tampa Bay Proper Oyster 5.1 <0.1 4.4 4.4 
Clam 24.2 0.3 15.8 16.2 
Crab (muscle) 10.8 27.8 477 .8 505.6 
Crab (liver) 18.1 37.5 354.0 391.4 
Mullet (muscle) 1.6 2.9 4.9 7.8 
Mullet (liver) 7.9 185.8 66.2 252.0 
8 Lower Tampa Bay Proper Oyster 10.7 4.1 5.7 9.8 
6 Upper Boca Ciega Bay Oyster 7.4 11.4 2.9 14.3 
6B Upper Boca Ciega Bay Oyster 3.7 8.9 0.5 9.3 
7 Lower Boca Ciega Bay Oyster 7.1 8.2 0.1 8.3 
7B Lower Boca Ciega Bay Oyster 2.9 1.0 0.1 1.1 
9 Anna Maria Sound Oyster 17.8 29.8 16.9 46.7 
10 Lower Manatee River Oyster 0.3 8.7 1.1 9.8 
11 Upper Manatee River Oyster 8.5 <0.1 5.8 5.8 
13 Litt l e Manatee River Oyster 0.5 26.7 < 0.1 26.7 
14 Alafia River Oyster 1.7 <0.1 2.9 2.9 I-' 
Clam 0.5 0.4 8.9 9.3 0\ N 
Crab (muscle) 15.8 < 0.1 113.3 113.3 
Crab (liver) 21.3 178.5 53.1 231.6 
Mullet (muscle) 3.9 21.2 4.3 25.5 
Mullet (liver) 7.6 <0.1 182.7 182.7 
14B Alafia River Oyster 1.2 0.4 1.0 1.4 
Table 3.7 Cont'd 
Page 2 
Geographic Lipid 
Zone Location Organism (m~ 
15 Hillsborough River Clam 4.2 
Crab (muscle) 10.0 
Crab (liver) 31.1 
Mullet (muscle) 2.1 
Mullet (liver) 5.7 
15B Hillsborough River Oyster 3.6 
16 Upper Hillsborough Bay Oyster 0.3 
16B Upper Hillsborough Bay Oyster 4.1 
Oyster 0.8 
Oyster 2.1 
17 Lower Hillsborough Bay Oyster 15.9 
Fl F2 
(llg/g) (~g/g) 
<0.1 2.8 
<0.1 2.2 
123.7 258.8 
1.5 55.8 
11.3 75 . 1 
2.5 1.3 
4.8 3.9 
5.4 4.7 
<0.1 8.1 
0.7 5.3 
<0.1 12.2 
Total HC 
(ll~/g) 
2.8 
2.2 
382.5 
57.3 
86.3 
3.7 
8.7 
10.1 
8.1 
6.0 
12.2 
I-' 
0\ 
W 
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oysters (Crassostrea virginica), blue crabs (Calinectes sapidus), clams 
(Mercenaria campechiensis), and mullet (Mugil cephalus). All four 
species were collected during Year 1. Only oysters were collected during 
Year 2. 
It is impossible to directly compare hydrocarbon concentrations 
between different species since the uptake, storage, and depuration 
capabilities are highly species dependent. Therefore we can only compare 
members of the same species, keeping in mind that uptake, storage, and 
depuration are also highly dependent on individuals of the same species. 
Clams, crabs, and mullet were collected in three zones during Year 1 
- one relatively clean zone (Zone 5, Middle Tampa Bay) and two zones of 
suspected hydrocarbon impact (Zone 14, Alafia River, and Zone IS, 
Hillsborough River). Analysis of whole clams from these three areas 
showed that total hydrocarbon concentrations ran~ed. from 2.8 to 16.2 ~g 
wet weight (Table 3.7). The highest values were found in Middle Tampa 
Bay while the lowest values were found in the Hillsborough Rive~. 
Normalized to total lipid content of the clams, both of these areas had 
THC concentrations of 0.7 ~g THC/mg lipid, indicating that the 
hydrocarbon concentration may simply be a function of lipid content. The 
clams from the Alafia River, however, did not support this contention 
(THC=18.6 ~g THC/mg lipid). Gas chromatograms from the clam extracts 
showed no evidence of hydrocarbon contamination. No PAH compounds were 
detected by GCMS in any of the organisms studied (clams, crabs, mullet, 
or oysters). 
Crabs and Mullet from these three stations were all dissected into a 
liver fraction and muscle tissue fraction. Total hydrocarbons in blue 
crabs ranged from 2.2 to 505.6 ~g/g in the muscle tissues and from 231.6 
165 
to 391.4 ~g/g in the livers. Again, no geographic trend was apparent and 
gas chromatograms indicated no hydrocarbon contamination of these 
samples. No correlation between total hydrocarbons and total lipid 
content was observed. 
Total hydrocarbons in mullet from the three stations ranged from 7.8 
to 57.3 ~g/g in muscle tissues and from 86.3 to 252.0~g/g in the livers. 
As with the crabs and clams, no geographic trend was observed. Gas 
chromatograms revealed no hydrocarbon contamination of these organisms, 
and no relationship between total hydrocarbons and total lipids was 
observed. Since mullet, clams, and crabs failed to reveal any simple 
relationship to total hydrocarbon concentrations in impacted versus 
non-impacted areas, these organisms were not sampled during Year 2. 
Oysters were sampled both years of the study. These organisms have 
yielded more promising results as an indicator species in several other 
studies (Goldberg et al., 1978; Farrington et al., 1980). Total hydro-
carbon concentrations for oysters are plotted in Figure 3.13. As was 
seen with the other organisms analyzed during this study, no correlation 
was observed between total hydrocarbons in the oysters and hydrocarbons 
observed in the sediments. THC levels in the oysters ranged from 1.0 to 
46.7 ~g/g wet weight (x=11.7 ~g/g). With the exception of two zones (1 
and 9), all THC levels were ~26.7 ~g/g and averaged 8.7 ~g/g. None of 
the zones displayed evidence of petroleum contamination. Representative 
chromatograms of the FI and F2 fractions of oysters from Zone 4 are shown 
in Figure 3.14. Any possible petroleum signal was masked by naturally 
occurring biogenic hydrocarbon signal. Therefore, even though petroleum 
hydrocarbons appear to be present in sediments at various places in Tampa 
Bay (such as Upper Hillsborough Bay), they do not appear to be 
accumulating in associated organisms. 
Figure 3. 13 • 
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Total hydrocarbon concentrations (lJ. g/ g wet weight) in 
oysters collected during the two year study. 
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Gas chromatograms of representative (A) F1 and (B) F2 
hydrocarbon fractions isolated from oysters in Tampa Bay 
(Zone 4). I.S. = internal standard. 
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Water 
Eleven water samples were collected during Year 1; four were 
collected during Year 2. Hydrocarbon concentrations in all samples 
ranged from < 0.1 to 30.4 ).J g/'l (Table 3.8, Figure 3.15). Wa ter is highly 
transitory in Tampa Bay and petroleum hydrocarbons would not be expected 
to build up in the water unless there was a rather high level continuous 
input. Total hydrocarbon concentrations in water samples analyzed during 
the present study do not reveal such an input. Slightly elevated 
hydrocarbon concentrations were observed in the Upper Hillsborough and 
Alafia Rivers, however gas chromatographic analysis revealed that these 
hydrocarbons were essentially all biogenic. No petroleum contamination 
was observed in any water sample by GC or GCMS. Representative chromato-
grams of the Fl and F2 hydrocarbons from the Manatee River are shown in 
Figure 3.16. 
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Table 3.8. Total lipid, aliphatic (F1), aromatic + olefinic (F2), and total (F1+F2) 
hydrocarbon concentrations in water samples collected in the Tampa Bay estuary . 
Three digit station numbers and station numbers ending with "B" represent Year 
2 data. All other data are from Year 1. 
Geographic 
Location 
Old Tampa Bay 
Hillsborough River 
Hillsborough Bay 
Alafia River 
Middle Tampa Bay 
Lower Tampa Bay 
Little Manatee River 
Boca Ciega Bay 
Terra Ceia Bay 
Manatee River 
Anna Maria Sound 
Station 
1 
11 
13B 
15B 
17 
20 
20B 
27 
41 
41B 
30 
43 
51 
54 
57 
Lipid 
(mg/ £) 
0.1 
0.3 
1.0 
0.4 
1.1 
0.1 
0.4 
3.5 
< 0.1 
0.4 
0.9 
0.8 
0.2 
0.3 
0.2 
F1 
ijJ g/ £) 
2.8 
4.5 
5.7 
2.3 
4.0 
<0.1 
0.8 
<0.1 
3.2 
12.4 
<0.1 
2.1 
6.3 
9.3 
5.4 
F2 
(~g/ £) 
1.4 
12.9 
2.5 
3.2 
< 0.1 
30.4 
1.9 
< 0.1 
4.0 
0.8 
2.8 
< 0.1 
0.5 
0.8 
< 0.1 
Total HC 
( ~g/£ ) 
4.2 
17.4 
8.2 
5.5 
4.0 
30.4 
2.7 
< 0.1 
7.2 
13.2 
2.8 
2.1 
6.8 
10.1 
5.4 
Figure 3.15. 
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Total hydrocarbon concentrations (~g/~ ) in water samples 
collected in the Tampa Bay estuary. 
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Figure 3.16. 
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Representative gas chromatograms of water samples taken 
in the Manatee River (Station 54). (A) F1 hydrocarbon 
fraction. (B) F2 hydrocarbon fraction. I.S. = internal 
standard. 
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CHAPTER 9. SUMMARY OF HYDROCARBON DISTRIBUTIONS 
The only record of hydrocarbon contamination in the Tampa Bay 
estuary is found in surface sediments. None of the water or organisms 
(oysters, clams, crabs, or mullet) analyzed in this study indicated 
hydrocarbon contamination. Surface sediment analysis revealed several 
areas of petrogenic hydrocarbon inputs. The areas most dramatically 
impacted by petroleum included the Lower Hillsborough River, Upper 
Hillsborough Bay, and several marinas or boating facilities found in 
areas of restricted circulation. Although these latter areas represent 
"hot spots" around the bay, the only area of potentially widespread 
hydrocarbon contamination is Upper Hillsborough Bay. Values found for 
this area during this study agree closely with those reported by Brown et 
al. (1985). The rest of the Tampa Bay estuary can be characterized by 
general hydrocarbon levels of <20 l1g/g. These hydrocarbon levels shmv a 
generally decreasing trend towards the mouth of Tampa Bay (Figure 3.17), 
with hydrocarbon levels in this area averaging <10 l1g/g. Hydrocarbon 
values throughout most of the Bay generally agree with other values 
reported for Tampa Bay (Van Vleet and Reinhardt, 1983) and also for 
Charlotte Harbor (Van Vleet et al., 1984). This is somewhat surprising 
. considering Charlotte Harbor has been much less impacted by petrogenic 
input than Tampa Bay. Although enhanced hydrocarbon levels were gener-
ally encountered in rivers throughout the Tampa Bay estuary these hydro-
carbons were of biogenic origin and not related to petroleum contamina-
tion. 
Figure 3.17. 
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Average hydrocarbon concentrations (in~g/g dry weight) 
in surface sediments from various sections of Tampa Bay. 
Stations used to calculate these averages can be found in 
Table 4. 
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